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10 Technical Field 

which * Th±S inVention relates to * group of peptides 
which are, or are related to, platelet aggregation 
inhxbxtors isolated and purified from various snake 

L5 "r°the JT USSfUl 95 the «P-tic agents 

L5 for the treatment of, and prevention of, platelet- 

associated ischemic disorders. More specifically, the 

invention concerns peptides which block specific receptors 

aaL^ , eSiVe Pr ° teinS inV ° 1Ved ±n PlatSlet ^herence and 
aggregation. Furthermore, this invention describes 

^L'aT f teCting ^ PUrifying Said P^^Ptides to 
substantial homogeneity from snake venoms, as well as 

processes for using the primary amino acid sequences of 

these polypeptides to prepare active peptides both 

_ synthetically and through use of recombinant DNA methods. 

Background Ar t: 

Heart disease is the primary cause of death in 
ZT W H S K ern SOCietieS ' - Death *«- ^art disease is often 
"itTt d by b Plat h elet - de P~ -chemic syndromes which are 

^ K Y atherOSClerosis «nd arteriosclerosis and 
include, but are not limited to, acute myocardial 

TtltlZT, TT ° UnStablS angin3 ' transi ent ischemic 
attacks and strokes, peripheral vascular disease, arterial 
thrombosis, preeclampsia, embolism, restenosis and/or 

"mo 5 ' 3 f °, ll0Wing angi ° plast ^ «-tid endarterectomy, 
anastomosis of vascular grafts, and chronic cardiovascular 
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devices (e.g., in-dwelling catheters or shunts 
reore«LT° real C±rCulatin * *-ices»,. These syndroroes 
disorder! ^ » d ™«Ur 

i extherT g f t0 ^ initiat6d by PlatSlet -tivation 

Hators IZ WallS ° r With±n ^ 1Um - * blood-borne 

Tol IZlll t H r ; manifSSted * Plate ^t aggregates which 
lorm thrombi that restrict blood flow. 

numerous studies have contributed to an 
understanding of the mechanism of platelet aggregation and 
thrombus formation. Platelets respond to a variety It 
blood vessel injuries, such as narrowing of the iJL 
Plague formation, and the presence of foreign 0 odIT' 
(e.g., catheters) and the like. The response of platelets 

Platelet adherence and activation, and the release of 
Platelet granular components, including potent cellular 
myogenic factors . The activated platelet aggregates 

r:Loir ation 01 — ^"-ssl. 

(VIA 2 VIA 6) and collagen (VIA 2, GPIV, others), the 

be^edTT™^ ° f Platele " t0 —"Uurn'is 
believed to be mediated by the binding of platelet 

InitH^ b SUbSe3Uent P 1 "*^ activation can be 

a™^« y ,°° e " ^ ° f the ta,ora P"vsiological 

Platelet aggregation is mediated by GP Ilb-ni» 
complex on the platelet membrane surface. GP llb"l!a 
exists on the surface o£ unstimulated platelets in .in- 
active form. When platelets are activat^ k ^ 
the physiological agonists, the GP ^™ ^Is" Tl "* 
activated such that it becomes a receptor^r" Lr^ 
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(Fg), von Willebrand Factor (vWF) an n 

(see Phillips et al BlooH ToTo ' fil «onectin (Fn) 

it is the bind 1 f ' f T^ ( ' 21:831-843,; however, 

factor that L LV ™ d/ ° r Willebrand 

w taar is believed to be Drinn'n.m 

Therefore, substances which specifLlTlv inh^ f^' 
ing of fibrinogen or von WilllL t ! y lntolblt the bind- 

inhibit piatelet Zr ™ , * £iCt0r " GP 1Ib -"I« 

fxcteiet aggregation and could be e*nH<x=* 

inhibiting throws formation in vivo Candld « es *« 

Platelet GP lib-Ilia is now known to b. = 
°f a superfaroiij, of structurally related II 
receptors taown collectively , tt " ! a<U,e31V ' pr ° tei " 
"b-IIi., an i„t. gri » s too™ to date are ""'V " 
molecules with a larger alpha-subunit " % " „ 
.5 seller beta-subunit ( e. g ., GP !„„ . i5 a * " 

degree of homology between the known s " the 

intejrin subunits indicating that the w 
from a comon precursor • ! lnt9 9rins evolved 

of cellular adhesions I„d nave^n ZT* f" 3 WUt * 

3 endothelial cells Smoo i-h , ln leuc °cytes, 

utfliS ^ smooth muscle cell q ^^.i. 

Se^"" a" rs^^l?! • • 

»Mch bloc* the binding of adlesLe ^rotlns « T" - 
Platelets and inhibit platelet »„„ * lnS to ««i«t«l 

u.s. patent ^e*" ^ ru^ ~ 

,?22h) . in one class of nenff^ 
sequence RGD is critical -k P e Ptides, the 

'-■titicai, and the tetranon+^« 

RGDS, RGDT, RGDC, have been used sp^m^n S6 f SnCes 
acid seance RGDX is found in a £^ 0 ?i^ ^ 
proteins including Fg, v n , vWF and Fn T M S 
been demonstrate •. ThiS sequence has 

«tio„ oralslve ' rot: 7 " T""" t0U in tha 

adhesive protems „ lt h adhesive protein recep- 
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' J BlQl ^h*"" (1987) 262:17294 nioo = 

315,506 published 7 June 1989 <=>,! ! lpIllcat " ,n 

ho«oa, gi „ ine instead 0 tjs ; ne s r " h n:r:i 0 :: ntainin9 

disclosed in PCT ann i,v *. • sequences are 

10 August 1989 a PP llcat -n "O89/07609 published 24 
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^^1™ ^rr^rr in rgd - 

that n,a^p^— the HGo'conL StUdiSS ' " W 

only affected the •! RGD-containing sequence not 

j iiectea the activity related to inhibition u- ^ 
xng of fibronectin or vitronectin to inhlbitlon °* bmd- 
also effect different!^ T substrate, but could 

ganas. The peptide sequence GRGDSPC which 
from the cell att^h^-* . wnich was taken 

cexx attachment domain of fibronectin ««. 
a model peptide r~^=- «»ronectin was used as 

peptide. Certain substitutions - 
ment of L-Arg with n a™ «ions, such as replace- 

g h D_Ar 9 seem to have no effect on ^ 
binding of either l igan d, but substituting III ? 
or D-Asp for L-Asp destroyed the ^ ' ^ Gly 
Whiie substituting D - S er for wJl^T^?- 

:~: n r raction with ^^^^ 

was little effect on fibronectin interaction with 
fxbronectin receptor; substitution of Asn f or 
« a peptide that had enhanced inhibition of f t 
binding, and a decreased effect on v!t ^"nectin 
Alternate substitnti / * ° n vl tronectin binding. 
Thren substitutions for Ser had other effects 
Threonine substituted for Ser gave a peptide with" 
increased inhibition of binding to tZ liTrLT, 
tor; substitution of L-Pro led to a Vltr ° nectin ™**P- 
cyclic peptide was al so T ! lnactiv * Peptide, a 

«r^^L^^ :: e : e he sequence siy - pen - 

nenicm^. y Ala ' herein "Pen" is 

P—Ui-un. and a disulfide bridge was foo^d between 
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the Pen and Cys . In th9 view o£ 
Pen.cuia.nine had the function of increasing 

TZZZTT reSt " intS °" ^ rin » ^ the 

UiAe ire e ammo and carbowi ^ 

This cyclic Dentil vo arJ3 ° Xyl ^oups from the ring. 

7 C P e P tid e was able to inhibit vitronectin k- * 
-g more strongly than the same peptide bef ore " ^ 
cycl 12at ion, but was ineffective in inhibiting 
binding. J-nnxuxting fibronectin 

10 modifier /^T^' antithroinb °tic peptide with a 
■ocUfxcation of the RGD sequence having the -r- „>Jt* 
alkylated was reported by Samanen, J. /et al , Cell 

activity rGlatinncK- ~ review of structure/ 

15 published by Aii p g " "T^ "as *-» 

SXBR, Marshall et al., ed . BSC0M ^lo^f^^ 

341 915 DU M r T! n Patent ^ licat -n Publication no. 
J*l,915 publxshed 15 November 1989 di^in. 

Peptides, one linear and the other cyclic 1 7 ° f 

20 to bind the platelet G P IIb-11!^^',^ 

inhibit its ability to bind vwr, ^HZtZtT " 
f U,rinogen-f ibrin . No data are provided which , . 
the specificity of binding of these ^tides *° 
of cyclic peptides includes modifications of the RGD 
25 sequence wherein the R is substituted by D or T 
homoarginin,, dimethyl or diethyl „-„!„■ , 
alpha-ablated derivative of tLsHes^es ^1 " 
cyclic structures comprise simply the "R" en " 
bracketed betweon h k= * ' GD se 5"ence 

30 disulfide bridge tW ° " hi = h £ °™ 'he 

A separate class of inhibitory dodhh=, 
peptide sequences modeled on the carbo^ermL , " 
sequence derived from the gamma chain 7f \ l 
aodecapeptide HHLGGAQKAGDV ( Klocsewiak et al^"^!© 11 ' 
15 fSSiStrv (X9M> 28.2=15-2919,. Timmons et al 7^. 

US ,atent 4 , Mlf471 (5upra); « 
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298 820,,. Although th±s sequence inh . b 

binding to GP Ilb-IHa and subsequent nl.fci ! 
4. 1 --_ . , ^ , "sequent platelet aggrega- 

tion, the usefulness of this peptide is limits I • 
has a i • K Qe ls limited because it 

has a low affinity of interaction with platelet receotors 
5 (IC 50 -10-100 uM, . receptors 

charact. . R6 " ntly ' S6Veral ^oups have isolated and 
characterized a new class of low molecular weight 

io I V 7 ^ GP IIb - IIIa Com P le *- Huang, T - F 

10 et a ., J_Blol ShsB (1987) 262:16157-l 6163; ^ 

et al., Biochemistry (1989) 28:661- 666 rep ort the urlZli 
structure of trigramin, a 72 amino acid peptide 0 ta T 
*GD and 6 disulfide ^ isoiated 

fffLt ' reP ° rt ^ ^°P^^~structure of 

echistatm, a 49 amino acid peptide also containing rgd 
and 4 putative disulfide bridges which is isolator! 

(1989, 3.A310, Abstr. No. 487m, report the sequence and 
20 properties of the related peptides elegantin alboLbri 
and flavoviridin m r. y antin r aibolabnn, 

bit-i^- dln ' In addit ">^ characterization of 
bitistatm was reported by Shebuski, R. j. , et al T ni . 

Che^ (1989, 254:21550-21555; and the PAX ^ 
E^vorus piscivorus was reported by Chao b f jSi fr E2 ^ 
* Proc Nat l Aca, ^ mK (1989) ^eoso^! T he' ' 
relationship between various GP Ilb-in a • „ ^ 

snake venoms was discussed by Dennis Ts et a" p " 
Natl Acad S „, r Tca 87 !2471 _ 247 ; ' ^ ^ 

Included in this group of inhibitory peptides 
0 from snake venoms are alboabrin isolated fro^Tr^f 

^olabris, elegantin isolated from T. el^^™^ 
flavoviridin isolated from T, fl^SZ^^^Lo^tin 
iso ated from Bothr^ atrox, b7^^ sola ^ 1 
_ Bitis arietans reported by Niewiarowski , s et al 
> ^romb Haemostas (l 989) 62 :3 19 (Abstr. SY-XIV-5). " ln ad 
dition, applaggin has been purified from AgkistL J 
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piscivorus and reported by Chao, B . , et al., Thromb 

f ei "°f; S (1989 > ^ 50 120) and halysInT^rif ied 

fro. Aakxstrodon hal^ which was reported by Huang, T F 
e * 3l " -Thromb haemostas (1989) 62:48 (Abstr. 112). All' 

in tT« S l Peptides show a high degree of se * uence h -°i°gy. 

In add ltl on, all of the peptides reported to date from 
snake venoms which inhibit the binding of adhesive 
proteins to integrin receptors contain the RGD sequence 
in Althou 9 h these reported snake venom factors are 

10 potent platelet aggregation inhibitors in vitro, these 

peptides also bind with high affinity to o^e7" memb ers of 
the adhesive protein receptors such as the vitronectin and 

mT^^r.T 0 " (KnUdS6n ' K * A -' St ^iUls 
15 1989 7T RUClnSki ' B " 6t ' al - ^omb b.-™.- 

15 (1989, 62.-50 (Abstr. 120). This lack of specificity of 

snake venom factors for GP lib-Ilia is an undesirable 

fo^at 6 ^ K he±r thSrapeUtiC USe as inhibitors of thrombus 
formation, because they have the potential of affecting 

20 TJTTT T Pert±eS ° f ° ther CellS in the vasculature, 
20 particularly those adhesions mediated by integrins 

m,. ! . T° ther appr ° ach developed for the generation of 
platelet thrombus inhibitors has been the use of murine 
anti-GP lib-Ilia monoclonal antibodies which block the 
binding of the adhesive proteins to stimulated platelets. 
5 These monoclonal antibodies have been used to prevent 

coronary artery reocclusion after reperfusion with tissue 
plasminogen activator in dogs (Yasuda, T., et al., j ciin 

Invest (1988) 81:1284-i?qh = „j — - 

_ i «oj oi-i/:«4-i291) and to prevent cyclic reduc- 

tion of fl ow m injured canine coronary arteries with a 
high grade stenosis. Potential side effects of the use of 
such monoclonal antibodies in humans may result from their 
long-lasting effects and from their potential 
immunogenicity . 

Clearly, additional therapeutic treatment 
regimens are needed for preventing or at least mitigating 
undesirable thrombus formation. in particular 
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therapeutic agents capable of blocking or inhibiting 
thrombus formation at specific locations without 
compromising hemostasis and without affecting other cel- 
lular adhesions, would provide major therapeutic benefits. 
Ideally, these agents should be potent, specific for GP 
Ilb-IIla, and nonimmunogenic to most patients; they also 
should be easy to administer, stable and economical to 
produce. Further, these agents should act transiently and 
be capable of functioning at the earliest stages of 
thrombus formation, without interfering with long-term 
hemostasis. The present invention fills these and other 
related needs. 

Disclosure of the Invention 

The invention provides a simple screening 
procedure to identify low molecular weight (<l0kd) factors 
in snake venom or other biological sources that 
specifically inhibit thrombus formation mediated by 
platelet aggregation. This procedure takes advantage of 
the understanding that platelet aggregation is primarily 
effected through binding of fibrinogen and/or vWF to GP 
Ilb-IIla at the surface of platelets when the platelets 
are treated with appropriate stimuli, such as ADP. By 
using these criteria, i.e., inhibition of binding of 
fibrinogen and/or vWF to isolated receptor and analogous 
criteria related to inhibition of binding of f ibronectin 
(Fn) to f ibronectin receptor (Fn/FnR binding) and 
vitronectin to vitronectin receptor (Vn/VnR binding), as 
well as the binding of other factors, such as Fn and Vn to 
GP Ilb-IIla, a specificity profile for the platelet ag- 
gregation inhibitor (PAI) can be rapidly and conveniently 
obtained. This approach has been used to screen and 
characterize an extensive panel of snake venoms for the 
presence or absence of PAI, to characterize the specific- 
ity of PAI identified from this panel for their specific- 
ity in inhibiting binding to GP Ilb-IIla as opposed to 
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inhibiting other integrins , and to identify active 
peptides which are derivatives of these pais. 

Accordingly, in one aspect, the invention is 
directed to a rapid screening method for the presence or 
5 absence of PAI in a biological fluid, which method 

comprises contacting the fluid with isolated GP lib-Ilia 
xn a test reaction in the presence of fibrinogen and 
comparing the amount of fibrinogen bound to GP lib-Ilia in 

) GfxTrT^ 6 ^ 10 " W±th ^ amOUnt ° f fib ^nogen bound to 
) GP Ilb-IIla in a control reaction. The method may further 

include test and control reactions which involve contact- 
ing Fn with Fn receptor, Vn with Vn receptor, Fn with GP 
lib-Ilia, or vWF with GP Ilb-IIla to characterize the 
specificity of the PAI. 

In another aspect, the invention is directed to 
novel PAI in isolated form which is identified in, and can 
be isolated from, active snake venom according to the 
methods of the invention, in particular, the invention 
relates to PAI, in isolated form, which can be isolated 
from Echis colorata , Eristicophis macmahonii : a. hypnale 
~ aCUtUS ' ^ Piscivorous leucostoma . a. piscivorus 
conanti; Bothrops asper; Bothrops cotiara, b. jarara ca B 

jararacussu , B^ lansbergi, B, medusa . B^ nasuta Tfi" ' 

neuwiedi, pradoi, ^ schleali : CrotalnT7^ r ~^ 
basilicus , c,. cerastes cerastes . C, durissus durisJJs C 
dU f SSUS ^tonatacus, C, horridus horridus, C. molossus"^ 
2!olossus, c, ruber ruber, c, viridis cereberus . ~^T^ 

•~ h6lleri - Crotalus v. lutosus, Crotalus v^ oreqlnus" 

potalus L viridis; Lachesis mutas; Sistrurus catenatus 

terqemmus , and Sistrurus milarus barbouri. ~ 

Preferred are pais in isolated form prepared 
from, or having the amino acid sequences of, those 
obtained from Eristicophis macmahonii (eristicophin) • 
Bothrops cotiara (cotiarin); b^ jararacussn , Crotalus 
atrox (crotatroxin); Crotalus basilicus (basilicin) • C 
cerastes cerastes (cerastin); durissus totanatacus"^ 
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(durissin); c^. durissus durissus (durissin) • C h 
horridus (horridin); Crotalus nu inolossus (moltstn); C 

fV ^. (rUberin ^' lutosus (lutosln); 

Zirxdxs (viridin); Crotalus v, oreganus (oreganin, 

^^^^^ (tergeminin); and L ^Tb^i 

crot,^,-'^" 117 P^ferred are eristicophin, cotiarin, 
crotatroxm, cerastin, durissin, horridin, ruberin 

10 tera^"' baS i 1 K iCin ' 1Ut ° Sin ' mol ° ss -' oreganin, viridin, 
tergeminm and barbourin. 

The invention also includes peptides of the 
ammo acid sequences as described above which are 

!S TT-T d and/ ° r m ° dified forms ° f the naturally occurring 
15 peptides and/or have one or more peptide Images replaced 
by alternate linkages such as -CH 2 NH- or -CH CH - 

PAI ,„ • ? a / referred as P ect - the invention reiates to 
PAI in isolated form which can be prepared from active 
snake venom identified by the method of the invention, and 
20 shown to specifically inhibit the binding fibrinogen Fg) 
and/or von Willebrand Factor (vWF) to GP lib-Ilia, and 
their truncated and/or modified forms. 

relates to'pAT^ 1 Pre£erred as P ect , the invention 

25 III Ven ° m ln iS ° lated fo ™ w «—in the 

25 sequence responsible for binding to the adhesive protein 

receptor includes the sequence KGD. 

In another major aspect, the invention is 
directed to a group of peptides or peptide-related 
compounds in general which are platelet aggregation 

Tt?ll\Trrr re °' binding of Fg or 

tlTt at 1 I ^ " SUbstantiall r ^^er potency than 
that at which they inhibit binding of vitronectin to 

vitronectin receptor or fibronectin to fibronectin recep- 

5 111' Pe * tideS Charac terized by having the bind- 

ing sequence K GDX in place of the RGDX binding sequence 
which is found in the prior art PAI proteins, k* is a 
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substituted or unsubstituted lysyl residue of the formula 
R 2 N(CH 2 ) 4 CHNHCO- wherein each R 1 is independently H or a 
substituent which is sufficiently electron donating so as 
not to destroy the bacicity of the adjacent nitrogen, and 
> wherein one or two of the methylene residues may 

optionally be substituted by 0 or S, as described below. 
The barbourin PAI isolated from S_. milarus barbouri is one 
illustration of this series of peptides. However, shorter 
forms of this peptide can also be used, as well as 
analogous sequences which also contain l-io amino acid 
residue modifications elsewhere in the peptide chain, and/ 
or replacement of peptide linkages with alternate link- 
ages. Other illustrative embodiments include isolated PAI 
peptides having a native RGDX sequence wherein this is 
replaced by K GDX. As in the case of barbourin, these 
isolated PAI may be otherwise in native form, or may be 
truncated and/or may contain 1-10 amino acid residue 
substitutions or deletions, and/or may have non-peptide 
linkages substituted for peptide linkages. 

Another group of compounds which falls within 
the scope of the invention is that wherein the foregoing 
compounds are as described, except that the glycyl residue 
xn the RGD or K GD sequence is replaced by a sarcosyl 
residue. This class of compounds retains the potency and 
specificity of the related RGD or K*GD-containing 
peptides . 



Another illustrative group of embodiments are 
peptides or modified peptides having specific PAI activity 
30 of the formula 



f 



WAVnl-K - G/Sar - D -( AA 2)n2-( AA 3)n3-( AA 4)„ 4 -X 2 -Y 2 (^ 
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wherein K* is a substituted or unsubstituted 
lysyl residue of the formula R 1 2 N(CH_) CHNHCO- as 
described above, 

wherein each R is independently H, alkyl 
(1-6C), or at most one R is R 2 -C=NR^, 

wherein R 2 is H, alkyl (1-6C) or is a substituted 
or unsubstituted phenyl or benzyl residue, or is NR 4 in 
which each R is independently H or alkyl ( 1-6C) , and 2 

R 2 iS H 3 alk y 1 < 1 ~ 6c )' Phenyl or benzyl, or 
R -C=NR is a radical selected from the group 
consisting of: 



4 

n"% n^n n^n N^n 



15 \ I • W. \ I ,and 




where m is an integer of 2-3, and each R 5 is 
independently H or alkyl ( 1-6C) ; 

and wherein one or two (CH 2 ) may be replaced by 
O or S provided said 0 or S is not. adjacent to another 
heteroatom; 

is a small, neutral (polar or nonpolar) 
amino acid and nl is an integer of 0-3; 

AA 2 is a neutral, nonpolar large (aromatic or 
nonaromatic) or a polar aromatic amino acid and n2 is an 
integer of 0-3; 

AA 3 is a proline residue or a modified proline 
residue (as defined below) and n3 is an integer of 0-1; 

AA 4 is a neutral, small amino acid or the N- 
alkylated form thereof and n4 is an integer of 0-3; 

each of K 1 and X 2 is independently a residue 
capable of forming a bond between X x and X, to obtain a 
cyclic compound as shown; and 
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each of Y 1 and Y 2 is independently a 
noninterfering substituent or may be absent; 

wherein one or more peptide linkages may option- 
ally be replaced by a linkage selected from the group 
5 consisting of -CI^NH-, -CHjS-, CH 2 CH 2 -, -CH-CH- (cis and 
trans), -C0CH 2 -, -CH(0H)CH 2 - and -CH-S0-; 

with the proviso that if n3 is 0; either: 

1) the sum of n2 and n4 must be at least 2; or 

2) K must be other than Har or K; or 
10 3 > at least on e of X 2 and * 2 must be other than 

cvs (C), penicillamine (Pen), or 2-amino-3,3- 

cyclopentanemethylene-3-mercaptopropionic acid (APmp); or 

4) Y 1 or Y 2 must comprise at least one amino 
acid residue; or 

5) one or more peptide linkages* is replaced by 
said alternate linkage. 

Other aspects of the invention are concerned 
with recombinant methods and materials related to the 
synthesis of these and other related peptides, to methods 
of in vitro synthesis thereof, to pharmaceutical composi- 
tions containing these compounds, and to methods to 
inhibit platelet aggregation and thrombus formation using 
these compounds and compositions. 

25 Brief De scription of the Drawings 

Figure 1 shows inhibition of the binding of 
fibrinogen to GP Ilb-IIla by partially purified snake 
venoms . 

Figure 2 shows the dose-response adhesion 
30 inhibition of Centricon-10 ultraf iltrates of crude venoms 
in both fibrinogen/GP Ilb-IIla and vitronectin/vitronectin 
receptor assays . 

Figure 3 shows the HPLC profile of crude PAI 
from Eristicophis macmahoni venom. The shaded area 
35 contains the biologically active fractions. 
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Figure 4 shows the HPLC profile of pat frmr .*.i n 

Figure 6 shows the complete amino acid sentences 
of eristicophin, barbourin, tergeminin, cerastin/rlerin 

ttltT"' T UrlT " , luto in ' 

v iri d ln , molossin, basilicin, durissin, jararacin 

de e t^ rin ; r d or ~' and ™™ 

determined by automated Edman degradation. 

„„. • , / i9ure 7 depicts the HPLC profile of via 

obtained from G-50 fractions of crude Sistrurus c 

tercreminus venom. ~ 

" Figure 8 depicts the HPLC profile of pai frac- 

tions from Figure 7. irac- 

Figure 9 shows the activity of the purified PAI 
figure 8 in inhibiting binding in several receptor as- 



o 

says 



aggregation l\ ? ^ ^ Pr ° fil * of F^let 

cr!de sL^ inhlblt ° r ° btained *«■ ^-50 fractions of 
crude s xstruru s au fc^rbouri venom. The shaded areas 
contain the bioactive fractions. 

25 fractions ofXre "* S ~ fU « ° £ ™ 

— =f -no^inr^r 0 * cid ~~ - • 

fm _ ,. Fl9Ure 13 de P icts *>>° HPLC profile of crude PAI 

loglcalglcfi 5 ^ Ven °- Shad9d — 

-Logically active fractions- 



35 



-ive frj^ from^e^ ^han" 16 ° £ ^ 
biologically active LLtZs " """^ ^ 

PAI fract/ 19 " 1 ! " ' lePiCtS ^ ""^"l HPLC profile of 
PAI fractions of figure 14 from Lachesis mutas. 
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Figure 16 depicts the HPLC profile of crude pat 

thTbloIo^T^ ^™ Ven ° m - ShadSd — 
the biologically active fractions. 

Figure 17 depicts the HPLC profile of the PAI 
fractions of Figure 16. 

Figure 18 shows the dose-response effects of 
purified snake venom peptides to inhibit f ibrinogen/GP 
lib-Ilia binding as compared to echistatin. 

Figure 19 shows the dose-response effects of 
purified snake venom peptides to inhibit ADP (4 uM) 
induced human platelet aggregation in platelet rich plasma 
(PRP), as compared to echistatin. 
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Figure 20 shows the activity profile from HPLC 
fractionation of C. c. cerastes venom. 

Figure 21 shows the results of HPLC analysis of 
the active fractions of Figure 20. 

Figure 22 shows the activity profile of HPLC 
fractionation of PAI from C± ruber ruber . 

Figure 23 shows the activity profile of an 
analytical C-18 column on homogeneous peptide obtained 
from atrox . 

Figure 24 shows the analytical HPLC profile of 
the homogeneous peptide isolated from Bothroos cotiara 

Figure 25 shows the dose-response effects of 

to r Gp fi rl C xx T iarin ° n inhiMtin * the bi *«ing of fibrinogen 
to GP Ilb-liia and inhibition of the binding of 

vitronectin to the vitronectin receptor. 

Figure 26 shows the effects of purified snake 

v!trone!t tid r " ° f fibrino ^" *° « lib-Ilia and 

vitronectin to the vitronectin receptor. 

Figure 27 shows the results of binding activity 

GP° r xxT £ #1 ' [E28L41c64 ^^-in ( 28-73,, with regard to 
w Ilb-nia and vitronectin receptor. 

Figure 28 shows the ability of synthetic 
ensticophin analog to inhibit the binding of fibrinogen 
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to GP lib-ma and inability to inhibit the binding of 
virtonectin to the vitronectin receptor. 

FigUre " Sh ° WS thS abilit Y of. linear and cyclic 
RGDW compounds and linear and cyclic KGDW compounds to 
inhibit the binding of fibrinogen to GP lib-Ilia. 

Figure 30 shows the ability of various KGDW 
analogs to inhibit binding of fibrinogen to GP lib-Ilia 
and inhibit binding of vitronectin to vitronectin recep- 



Figure 31 shows the ability of various native 
and synthetic platelet aggregation inhibitors to inhibit 
the attachment of M21 melanoma cells to vitronectin. 

Figure 32 shows the ability of RGDS and a cyclic 
ROD compound to inhibit the attachment of «1 melanoma 
cells to vitronectin and the lack of ability of a cyclic 
KGDW analog to inhibit the attachment of M21 melanoma 
cells to vitronectin. 

*n m ,/ i9Ure 33 shows the activity of analog number 

oO, Mpr-(Har)-G-D-W-P-C-NH invju,^ • 

20 Diafi-f. I , 2' 111 inhibiting aggregation of 

20 platelets and cell adhesion to vitronectin. 

Figure 34 shows the activities of Figure 33 for 
analog 19, Mpr-K-G-D-W-P-C-NH, . 

Figure 35 shows the initiation of cyclic flow 

2s zj™* in an open chest do * *° dei ° £ 

Figure 36 shows the effects of a 10 mg bolus 
dose administration on the CFRs initiated in the open 
chest dog model of thrombosis (Folts Model). 

30 h - • Fl9Ure " Sh ° WS ^ effects ° f * 40 mg bolus 

30 dose administration on the CFRs initiated in the open 

chest dog model of thrombosis (Folts Model). 

Figure 38 shows the full-length DNA sequence 

encoding the amino acid sequence of barbourin(l-73) 

FigUrS 39 Sh ° WS thS DNA se( 3uence encoding 
[M-lL41]barbourin(l-73) ligated to a PhoA leader sequence. 
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Figure 40 shows the DNA sequence encoding 

rn^ria 1 ^ 6 " * '** ^ 

Figure 41 shows oligonucleotides utilized in a 
5 PGR reaction to obtain DNA encoding analog #i. The amino 
acids included in the analog per se are shown in boldface 

Figure 42 shows the junction sequence of tandem 
repeats of the analog #l-encoding DNA. 
0 Figure 43 shows a diagram of the truncated 

barbourin gene as tandem repeats. 

Modes of C arrying Out the Invention 

The invention provides platelet aggregation 
> inhibitor. (PAI, which may be isolated from snake venom 
which has been identified as active by the assay methods 
of the invention and compounds which have similar 
structures and are synthesized using standard in vitro 
techniques, such as solid phase peptide synthesTsToT 
using recombinant methods, or combinations of these. some 
of these inhibitors are uniquely specific for inhibition 
of platelet aggregation and do not inhibit alternate bind- 
ing within the integrin family, others have different 
ranges of specificity. The sections below describe the 
isolation of naturally occurring PAI from snake venom; the 
design of inhibitors which are of substantially hiaher 
potency in inhibiting platelet aggregation than in 
inhibiting, for example, vitronectin/vitronectin receptor 
~ 0 t n h ^ --rporating * K 6D sequence in preference 
to RGD, methods of synthesizing these peptides; methods of 
recombinant production; antibodies raised against the 
invention peptides; the assay method which permits 
identification of snake venoms which contain PAI ; and the 
administration and utility of the PAI of the invention. 

By PA. is meant a factor which is capable of 
preventing the aggregation of stimulated platelets in 
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Ca and the materia! to be tested. The platelets are 
5 striated „ ith M P (or other taown .^tJ^ 

cognations thereof) and aggregation (or lack thereof, is 
a^olr" 9 ' m °' * ~°"*T available ' 

Some of the PAIS of the invention are identify 

l^f fM ^ inhibi "°» o* Ending of fibrinogen 
and/,r vWF to GP Ilb-IIIa. It is understood that 

■s^ecf f City ^ * ° £ de3Iee; «—*»«.. a PAI 

specific for inhibition of Fg or vwp binding to GP lib- 

i„ h V ^ bindi " 3 •■"""ti-llr more tha! it 

■ inhibits the binding of F„ to FnR, or Vn to VnR By 

^i^rier^rg^rrrtTi 6 ^ - 

or that the conce^n'of 

xnhxbition is at least twofold less fnr Vn , . 

TTTa , . Aess r °r Fg or vWF/GP Ilb- 

Ula binding inhibition than for alt e m a f a i- 

binding. alternate lxgand/receptor 

Isolated Native PAT » n * P , irif ica^ ^.^^ 

The platelet aggregation inhibitors (pad Q f th* 

e~L n ef r m ° leCUlar ™ — d - ^ c n 

be prepared ln isolated form, as described below f rom 

snake venom which has been identified as '™ 
has been found to contain PAI using the method of'tne 
invention, which is described hereinbelow. 

, ^ inVention method Permits ready identifica- 
PAI in" T raCteriZati ° n ° f ^ ^™ ol an ^ 

« lib ix V6n ° m WhlCh S6leCti -^ i-hlbit. binding to 
IIb -"Ia as opposed to other intearins * 7 

the vitronectin receptor and the tZoZZ^lllZT' ' 



WO 90/15620 

- 1 9 - PCT/US90/03417 

using a variety of standard techniques illustrated herein 
and disclosed in the art. For example, a combination of 
separation based on molecular weight (typically recovery 
of substances of <10kd, , ion exchange chromatography, and 
5 reverse phase HPLC can be used, other techniques can also 
be employed, but a workable procedure applicable to PAI 
from any active snake venom is as follows: 

About 10-1000 mg venom is dissolved in dilute 
acetic acid and applied to a sizing column, such as 
10 Sephadex G-50, and eluted in the same solvent. Fractions 
are assayed for activity using the Fg/GP IIb-in a binding 
assay of the invention, a standard platelet aggregation 
assay (PAA) or any similar assay relying on the adhesive 
protein binding activity of GP IIb-Iii a . Alternatively 
15 the <l0kd fraction of the fraction of the venom can be 
recovered using ultrafiltration and similarly assayed 

The low m fraction isolated by either procedure 
is then loaded onto a preparative C-18 HPLC column, such 

20 7rJ! ST DSlta ^ rSVerSe PhaSS HPLC COlun,n ' ^liable 
™,/«T rS/ Pree<3Uilibrated in °-» trifluoroacetic acid 
(TFAJ/8* acetonitrile. The adsorbed PAI is then eluted 
using a gradient of 8%-60% acetonitrile in 0.1% TFA The 
slope of the gradient and flow rate are optimized using 
routine procedures. Active fractions are determined by 
5 PAA or by the invention receptor binding method. The ac- 
tive fractions are then pooled, concentrated, and tested 
for homogeneity using analytical HPLC or SDS-PAGE 
Further reverse-phase HPLC gradient purification is ap- 
plied until the recovered PAI is homogenous. 
0 PAIs of the invention, obtainable by the forego- 

ing or other purification methods include those from 
venoms selected from the group consisting of Echis 
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prorata, Eristicophis macmahonii; A, hypnale . A. acutus, 
£1SC:LVOrOUS ^ostoma , a, plscivgrus conanti rg^^:. 
ajsper.; Bothrops cotiara, jararaca, B, lara^acussu, B 
lansbergi , medusa, nasuta, B, neuwiedi, b, pradoT 
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~ ^MS2li; Crotalus atrox, C . basilicas c e . «. 

ruber, C vi^^' S£l2 ^ S2lossns r ^ ruber 

■ upgr ' viridis cereber us . Crotalus „ ,^ ^ 

5 v. lutosua TT^Ii ~ - ° talu - ^ JsaiiSEir Crotalus 

7I~Z i ££2talus v. oreqanus . Crotalus v viri^TT^ 

^ aChe51S 2Htas; Sistrurus catenatus^e^iL^P 
Sistrurus milarus h^^- — ^m^ r and 
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Preferred are PAIs in isol**^ *~ 
from, or havina the isolated form prepared 

nht ! „ nav ^g the amxno acid sequences of, those 
obtained from EriqUmnK, 1 ,. ^ nose 

i «» ansticophic macmahpnii feristir-or>h,-„» 

Bpthrops cotiara (cotiarin^7T~ l eris ^<=ophin) ; 

a1 .„ v 7 ~ ~ l cotia rin); jararacussu; Crotalus 

atrox (crotatroxin); Crotalus basilicus iba-iT^™ 
cerastes cerastes (cerastini • c~~7^ (baSiliC1 «); <L. 
(durissin • cvn^ ( ™ Stin) ' ^ durissus toto M t,r,„ 
(aurissin), Crotalus d^ durissus (durissin > • r * 

(horridin,; Cro^TZ molos SUS ' ~ 
Sifeer ruber (ruberin); CrotalurvZrTdTT ^ 
C, viridis (viridin) crot^f iH ^ 2§H£ < lut ° si "); 

ms-Lxerx , Lachesis mutas (lachesinw ^ 

S^tenatus ter^eminus T^^JSJnl^aad « " §J ^^- 
(barbourin) . Particularly preferred -J*^ 1 ^ b*rbouri 
inhibiting Fg or v WF/GP 1™! "! ^ 
S^trurus m. barbouri e ' g "' that f "™ 
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Especially preferred are ericf,v« v 

The purified PAI ot the invention can h. 
sequenced using standard procedures th , 
synthesis usino standard sollo p^se 1^11*™^ 
Particular for shorter forms of the PM^r 
production , ' or recombinant 

desalting of the - xoiiowed by 

*y 01 cne sample on a C-18 Delta Pair „ ml 

0-1% TFA and acetonitrile . ll ™ n Usin * 
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It is understood that the isolated PAI of 

ZTFTt SeqU6nCe Wh6n S r nthesi -* in vitro, be 

modified by sequence alterations .which do not~dIs7roy 

activity. m general, these modified forms will differ 
5 from the native forms by 1-10, preferably 1-4, aminb acid 
substitutions or will be truncated forms, m addition 
one or more peptide linkages may be replaced by alternate 
linkages as described hereinbelow. A particularly 
preferred substitution is replacement of RGD by K*GD to 
» confer GP Ilb-nia specificity as described below 

The PAI of Sistrurus barbouri has been puri- 
fied to homogeneity and sequenced, and termed "barbourin" 
Unlike the adhesive proteins, for GP Ilb-nia so far 

^Trt'tTr T ^ PePtideS ^ block 

IIb ~ IIIa function, barbourin does not contain the 

standard Arg-Gly-Asp sequence of the adhesive proteins 

known in the art. The apparent binding sequence in 

barbourin is Lys-Gly-Asp-fTrp, . The presence of the KGD 

-X e iai e iv n s the aPPar6nt binding regi ° n ° f this ^ tid - i- 
especially surprising in view of the observation that 

blLr 61 ""! ° f ^ ^ SmaU svnt ^tic peptides 

based on the RDGX sequence greatly decreases the ability 
of these peptides to bind to integrin receptors 
(Pierschbacher et al., Proc Natl Ac*h (USA) „ 
11:5985-5988; Willie et al., Thromb — (1987, 46:457- 
471); Huang et al w J.Biol Chem (1987, 262 : 16l57-I7l63 . 
It is thought that this substitution may in part be 

"inhibit 6 /" r SpSCifiCit r ° f the barbourin peptide 
to inhibit Fg and vWF binding to GP IIb-in a , versus, for 
example, inhibition of vitronectin binding to the 
vitronectin receptor. 



K*GDX-Co ntaining Peptides 

35 of th* • The ." barbourin " P e Ptide isolated by the method 
of the invention has been shown to have the binding 
sequence KGDX in contrast to the RGDX found in the PAI 
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thTpTse°a ^ Pri ° r ^ Pr6SenC6 ° f the «« i» 

this PAI sequence appears to be associated with a 

preferential affinity for GP lib-Ilia as. opposed to the 
vitronectin or f ibronectin receptors . The effect of the 
> substitution of a lysyl residue for an arginine in the 

thHif H PPea ^ t0 bS aSS ° Ciated With increased length of 
the sxdechain along with retained basicity of the nitrogen 
as is further described hereinbelow. Surprisingly it 
appears that it is not the lysyl residue per se which 
accounts for the enhanced activity and specificity, but 
rather the spacing provided by this homologous extension 
of the replaced arginine.^ Thus, the peptides of the 
invention which contain K GDX in the binding sequence are 
substantially more potent in inhibiting the binding of Fa 
or vWF to GP Ilb-nia as compared to their ability^ ' 
inhibit the binding of vitronectin to the vitronectin 
receptor and the binding of fibronectin to the fibronectin 
receptor. As stated above, by "substantially more" potent 
111 lnhlblt *ng the preferred binding is meant that the 
percent inhibition is at least 2-fold greater at a set 
concentration of inhibitor or that the concentration of 
PAI that causes 50% inhibition is at least 2-fold less for 
the binding of Fg or vWF to GP lib-Ilia than for the bind- 
ing of alternate ligands to other integrins. 

As used herein K* refers to a lysyl residue 
which is unsubstituted, or which contains substitutions 
for the hydrogens on the epsilon amino group The 
substituents must be sufficiently electron donating so as 
to maintain the basicity of the nitrogen to which they are 

fo™i ^ ThUS ' " ±S d6fined " * ^ of the 

formula R 2 N(CH 2 ) 4 CHNHCO-, 

vherein each R 1 is independently H, alkyi (i- 6) 
or at most one R x is R -C=NR , 

wherein R 2 is H , alkyl(l-6C), or is a 
substituted or unsubstituted phenyl or benzyl residue, or 
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is NR 2 in which each R is independently h or 

alkyl (1-6C), and 

R 2 123 H ^ alkyl(l-6C), phenyl or. benzyl, or 

R -C=NR is a radical selected from the group 
5 consisting of: 





10 




, and 



(CHR^ 



20 



where m is an integer of 2-3, and each R 5 is 
15 independently H or alkyl ( 1-6C) ; 

and wherein one or two (CH 2 ) may be replaced by 
0 or S provided said 0 or S is not adjacent to another 
heteroatom. 

" Alkyl" is conventionally defined as a straight 
or branched chain or cyclic hydrocarbyl residue of the 
indicated number of carbon atoms such as methyl, ethyl, 
isopropyl, N-hexyl, 2-methylbutyl, cyclohexyl and the 
like. 

The benzyl and phenyl residues represented by R 2 
25 may be unsubstituted, or may be substituted by 

noninterfering substituents . Preferred substitution 
patterns are those wherein only one substituent is bound 
to the aromatic nucleus, preferably in the 4-position. 
Preferred substituents are electron donating substituents 
such as alkyl, especially ethyl or methyl, or phenyl. 

Preferred embodiments of K* include the residues 
of lysine, homoarginine , f ormylhomoarginine , ornithine, 
acetimidyl lysine, N G N G ethylene-homoarginine, and 
phenylimidyl lysine. The phenylimidyl lysyl residue, for 
35 example, has the formula: 
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Ph-C ( =NH ) -NH ( CH 2 ) 4 CH ( NH- ) CO- . 

A5 £ thS essentia l Mature of the preferential 
inhibition of binding appears to reside in the substitu- 
5 tion of K for R of RGDX, one class of peptides or 
peptide-related compounds of the invention comprises 
naturally occurring platelet aggregation inhibitors which 
ordinarily contain RGDX in the binding sequence whereby 
these forms are modified by substituting K* for R in this 
10 sequence, included in the invention are the native 
peptides having this substitution, as well as their 
fragments of sufficient length to be effective in 

Gp'xTttt 7 Mting the bindin * of adhesive proteins to 
L5 h! Ib_I " a fra ^ts or full-length peptides which 

ha T e " relevant substitutions in positions of the peptide 
which do not destroy this activity. For the most part, 
the fragments will contain residues corresponding to the 

confolL- a PSPtide Chaln ° f " 1SaSt 7 ^ acids if 
0 and 15 COntr ° lled for ^ple, cyclization, 

0 and are of greater length if there is no such 

conformational control. In general, aside from the K*GDX 
required sequence, there may be 1-10, preferably 1-4, and 

"GDX^'r 1317 " in0 aCid SUbstit ^i-s in the non- 

GDX portion of the peptides. 

5 Additionally, the G of RGDX or K*GDX may be 

replaced by a sarcosine residue. 

mav be aJ^ ^f^™' ° ne ° r raore of «» Peptide bonds 
may be optionally replaced by substitute linkages such as 
those obtained by reduction or elimination. Thus, one or 
) -re of the -CONH- peptide linkages can be replaced with 
other types of linkages such as -CH,NH-, - CH J- CH CH 
-CH=CH- (cis and trans), -COOL,-, -CH(0H)CH ,? and -CH | 0 - 
by methods known in the art. The following'references ' 
describe preparation of peptide analogs which include 

Da^.M T atiVe " linkin9m ° ietieS: Spatola, A.F., Vega 
Data (March 1 983) , Vol. 1, Issue 3, -Peptide Backbone 
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Modifications- (general review); Spatola, A.F. in 
"Chemistry and Biochemistry of Amino Acids, Peptides and 
Proteins," b. Weinstein, eds., Marcel Dekker, New York, p. 
267 (1983) (general review); Morley, j.s., Trends Pharm 
Sci (1980) pp. 463-468 (general review); Hudson, D. et al. 
Int J Pept Prot Res (1979) 11:177-185 (-CHjNH-, CH-CH,-);' 
Spatola, A.F. et al . , Life Sci (1986) 38:1243-1249 (-CH - 
S); Hann, M.M. J Chem Soc Perkin Trans I (1982) 307-314 
(-CH-CH-, cis and trans); Almguist, R.G., et al . , j Med 
Chem (1980) 23:1392-1398 (-COCH 2 -) ; Jennings -WhiteTTTet 
al. Tetrahedron Lett (1982) 23:2533 (-COCHj-); Szelke, M. , 
et al., European Appln. EP 45665 (1982) CA: 97:39405 
(1982) (-GH(0H)CH 2 -); Holladay, M.W. et al. Tetrahedron 
Lett (1983) 24:4401-4404 ( -C (OH)CH 2 - ) ; and Hruby, V.J. 
Life Sci ( 1982 ) 31:189-199 (-CH 2 -S-). Particularly 
preferred is -CH-NH-. 

Examples of fragments and/or modified forms of 

th 28 na 4i ra 64 y "° CCUrrin9 snake venon > PAI include 
[E ,L ,C ]barbourin(28-73) of the sequence 

1 

ECADGLCCDQCRFLKKGTVCRVAKGDWNDDTCTGQS CDCPRUGLYG 
28 73 

and [K 29 ]eristicophin(4-51) of the sequence 

4 

EEPCATGPCCRRCKFKRAGKVCRVAKGDWNNDYCTGKSCDCPRNPWNG 

51* 

In this notation, the size of the fragment is 
noted in parentheses after the name by the numbers of the 
amino acids which are included in the fragment, and the 
bracketed prefix letters and numbers indicate amino acid 
substitutions at the numbered positions in the native 
full-length peptide. Thus, for the barbourin fragment 
above, the length of the fragment spans residues 28-73 
inclusive of the native sequence and the amino acids 
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originally in positions 28, 41 and 64 of the numbered na- 
tive sequence have been replaced by Glu (E)/ i,eu (t)r and 
C Y S (C), respectively. 

As additional examples, the arginine of the RGD 
5 sequence appearing in trigramin, eleg an ti n , albolabrin 
crotatroxin, f lavoviridin, echistatin, bitistatin, 

Iorrfd n ' ra ! l0SSin ' 1Ut ° Sin ' ^^-in, applagin, halysin, 
horndm, tergeminin, lachesin, cotiarin, cereberin, 
Dararacin, kistrin, eristicophin, bitan-a, and ruberin/ 
10 oreganm can be replaced by a K residue to provide 

Trrt'r^ ""^ PAIS ^ 3 affinity for 

GP Hb-Hia. In addition, shortened forms of these 

peptides, containing at least 20, preferably at least 30 

and more preferably at least 40, amino acids, can be ' 

r^. 1 * 0111 ^ PePt±de ° r ln th±S modif ^ form. 

In add^txon, or in the alternative, l-io, preferably 1-4 

amino acids irrelevant to the RGD/K*GD sequence can be ' 
substituted or modified, preferably with conservative 
amino acid substitutions. By conservative amino acid 
•0 substitutions is meant, for example, substitution of an 
acidic amino acid residue for an acidic amino acid 
residue neutral for neutral, basic for basic, etc., as is 
further described hereinbelow. 

5 i-h*. „ StU1 ^ additional Sroup of examples includes 
5 that wherein the glycyl residue of RGD or K*GD can be 

Zs "the 157 !. SarC ° Syl rSSidUe With retention of activity. 
Thus the active PAIs which are isolated and/or modified 
in other ways as described above may further be modified 
by this substitution. 

3 While fragments and/or modified PAIs from snake 

venom can be included among the Pg/vWF/GP lib-Ilia 

RGD d bv 9 ;Vn ClfiC C ° mpOUndS ° f thS invention by replacing 
RGD by K GD, in additional embodiments of the invention 
specifically active^peptides are based on compatible 
extensions of the K GD sequence per ... m this regard, a 
preferred group of peptides or peptide-related compounds 
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of the invention are cyclic peptides of 

formula: f the general 
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' 1 

wherein K* is substituted or unsubstituted lysyl 
as above defined; J-ysyx 

in am - • " 9 Sma11, neutral (Polar or nonpolar) 

L0 ammo acid and nl is an integer, of 0-3; 

«.. A * 2 15 3 neUtra1 ' n °nP°lar large (aromatic or 
nonaromatic) or a polar aromatic amino acid and n2 is an 
integer of 0-3; 

5 reB ., AA 3 is a proline residue or a modified proline 

5 rescue (as defined below, and n3 is an integer of 0-1 

alkvlat ed T 4 W nSUtra1 ' Sma11 acid or the 

alkylated form thereof and n4 is an integer of 0-3- 

caoable nST °* ^ *"* * 2 " inde P end ^ly a residue 
capable of forming a bond between X 2 and X, to obtain a 
> cyclic compound as shown; and 2 

ferine S ^T^ °' ^ * 2 " inde P end ^ly a noninter- 
fering substituent or may be absent; 

allv h T reln ° r ^ Peptide lin ^^s may option- 

ally be replaced by a linkage selected from the group 
consisting of -CH.NH-, -CH 8 -, CH 2 CH 2 -, -ch-CH- cis and 
trans,, -COCH 2 -, -CH(OH)CH 2 - and -CH^SO-; 

with the proviso that if n3 is 0; either: 

1) the sum of n2 and n4 must be at least* 2; or 

2, K must be other than Har or K; or 

cys , C > Jn^!** 3 * ° f Xl X 2 mUSt ' be othmr than 

cys (C), penicillamine (Pen,, or 2-amino-3,3- 

cyclo P entanemethylene-3-merca P topro P ionic acid (APmp); or 

acid ^-h 4) Yl ° r Y2 mUSt C ° mprise at l««t one amino 
acxct residue; or 

said al , ^ ° r ^ PSPtide lin * a 9 es is replaced by 

said alternate linkage. 1 
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mJnn *1 and Y 2 can fae Peptide extensions of 0-25 

liher^i 1 6XtenSi0n may ' f ° r —P^^e acetylated or 

5 elllZ T ^ ^ ^ ^ C " te -^ extension Zy be 

f olr" f 2 " With 3 Pr±m ^ - - W aline of 

riowe^lLl ^ " R2NH WhSrein 6aCh R iS ind ^-tly 
a lower alxyl of 1-4C such as methyl, n-butyl, or t-butyl 

Y can also be (H ) or acyl; *, can be (OH), NH_ or an 
amine as above, where the confound of formed, is a 
10 simple cyclic peptide, and Y, are absent. 

ki Z 1 X 2 t yP icall y amino acid residues 

capable of cyclist ion such as, for example and most 

111 7* . ^ CySteinS reSidU6S C3pable of fo ^ng a 
disulfide ring. However, other residues capable of form 

15 mg disulfide or other linages may also be used^for 

pLTschb T (PSniCillami -) ~ld». described by 

P-rschbacher et al. (supra, or the Mpr (mercapto 

propxonyl) or M vl (mercaptovaleryl) residue, other types 
•0 peptL I"', nk3geS CyCliZati - ^^ioned incluT 

the side cha ageS '- aS " b ^ween 

chain T~? " 31,11110 9r ° UP ° f 3 lySyl residue -th a side- 
chain carboxyl group of a glutamyl residue and ester 

linkages, such as would be formed between a side-chain 
alcohol of a threonine residue with a side-chain cloxyl 

for" aSPartyl reS±dUe - residue capablTof 

forming peptide bonds with the remainder of the chlin (or 
modified peptide bonds as described above) and canabL I 

covalent bond formation to effect eyelid n ! 

. , , ^-^^ c Y c J-ization can be used 

This includes, for example, simple cyclic peptides 

r^rV PSPtlde b ° nd ±S d±reCtly f °- ed "etweeHhe NH 
at the N-terminus and the COOH at the C-terminus. 2 

As described above, one or more of the indict 
Peptide bonds may be replaced by a substitute Unxage 3!^ 

"OCT 2 ""; ~ CH2S -' '"I™*-' - CH=CH " < CiS - 
-COCH 2 -, -CH(0H)CH 2 - and -CH 2 S0-. 
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In the designation of the amino acid residues 
AA^AA ^ above, description has been made on the basis of a 
classification method, wherein amino acid residues can be 
generally subclassified into four major subclasses. This 
5 classification is also shown diagrammatic ally hereinbelow. 

Acidic: The residue has a negative charge due 
to loss of H ion at physiological pH and the residue is 
attracted by aqueous solution so as to seek the surface 
positions in the conformation of a peptide in which it is 
10 contained when the peptide is in aqueous medium at physio- 
logical pH. - 

Basic: The residue has a positive charge due to 
association with H ion at physiological pH and the residue 
xs attracted by aqueous solution so as to seek the surface 
15 positions in the conformation of a peptide in which it is 
contained when the peptide is in aqueous medium at physio- 
logical pH. * 

Neutral/nonpolar: The residues are not charged 
at physiological pH and the residue is repelled by aqueous 
!0 solution so as to seek the inner positions in the 

conformation of a peptide in which it is contained when 
the peptide is in aqueous medium. These residues are also 
designated "hydrophobic" herein. 

Neutral/polar: The residues are not charged at 
5 physiological pH, but the residue is attracted by aqueous 
solution so as to seek the outer positions in the 
conformation of a peptide in which it is contained when 
the peptide is in aqueous medium. 

It is understood, of course, that in a statisti- 
cal collection of individual residue molecules some 
molecules will be charged, and some not, and there will be 
an attraction for or repulsion from an aqueous medium to a 
greater or lesser extent. To fit the definition of 
"charged", a significant percentage (at least ap- 
proximately 25%) of the individual molecules are charged 
at physiological pH. The degree of attraction or repul- 
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sion required for classification as polar 

arbitrary, and, therefore , ^ ™" ^ 

~ P tTll bY inVenti ° n ^ ^ clo- 
5 snlc t ,T 6 ° ther ' Most ^no acids not 

5 specifically, named can be classified on the basis of v 

behavior. basis of known 

as cvclic Tr Ln ° 9Cid reSldUeS ^ fUrther Classified 

exolf \ »° nC * clic ' «d aromatic or nonaromatic, self- 

explanatory classifications with respect to the side lit 
10 substituent groups of the residues, and as sin or l rT 
The r esidue is considered small if it contains a Z^Tt 

Small T 1 " 8 " l6SS ' ±nClUSiVe ° f the Ca ^l carLn 
Small residues are, of course, always nonaromaJL 

15 subclassiflcl^ 116 natU " lly occ ^g protein amino- acids, 
f o^ows"f r aCC ° rdin ^ to the foregoing scheme is as 
follows (see also the diagram below). 
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Acidic: Aspartic acid and Glutamic acid- 
Basic/noncvcTir: Arginine, Lysine; 
Basic/cyclic Histidine; 

Neutral/polar/sman: Glycine, Serine and 
Cysteine ; 

Neutral/polar/ 1 arce/non^.,- - . Threonine 
Asparagine, Glutamine; ' 

Neutral/ P ol a r/larae/ aT -n m ^^. Ty^^. 

Neutral /nonpolar/sm^n . Alanine; 

Neutral/nonpolar/lar^/n.^^^ . r ... n . ^ 
Isoleucine, Leucine, Methionine; 
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■wtral/nonpolar/larw/.^ i - ■ Phenylalanine, 
and Tryptophan. 

The gene-encoded amino acid proline, although 
5 technically within the group neutral /nonpolar/ large/cyclic 
and nonaromatic, is a special case due to its known ef- 
fects on the secondary conformation of peptide chains, and 
is not, therefore, included in this defined group, but is 
classified separately. AA3 is designated a proline 
10 residue or a "modified proline residue . « Proline as is 
understood, is a f ive-membered nitrogen heterocycle with a 
carboxyl group in the 2-position. Modified proline 
residues are all nitrogen five or six-membered 
heterocycles with carboxyl groups in the position alpha to 
the nitrogen; additional heterocyclic atoms may also be 
included in the ring. Thus, modified proline residues 
xnclude residues of pipecolic acid ( 2-carboxypi per i d ine, 
abbreviated Pip, and thiazolidine (Thz). Thus, proline or 
modified proline residues are of the formula 
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/ \ 

RN -CHCOOH 

wherein one or two of the methylene groups may be replaced 

*>Y NR, S, or O and where any ring nitrogen may optionally 

be substituted with a noninterfering substituent such as 
alkyl . 

Certain commonly encountered amino acids, which 
are not encoded by the genetic code, include, for example, 
beta-alanine (beta-ala), or other omega-amino acids, such 
as 3-amino propionic, 4-amino butyric and so forth 
alpha-aminoisobutyric acid (Aib) , sarcosine (Sar),' 
ornithine (Orn), citrulline (Cit), homoarginine (Har), 
t-butylalanine (t-BuA), t-butylglycine (t-BuG), 
N-methylisoleucine (N-Melle), phenylglycine (Phg), and 
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cyclohexvlalanine { cha), norleucine (N l e) , cy stei= acid 
(Cya); pxpecolic acid (Pip), thiazolidine ( Thz) 

Thes a e a'lso falT" (2 " Nal> ~**»*<* ""oiid. (MSO). 

These also fall conveniently into particular categories . 

Based on the above definition, 
Sar and beta-ala are neutral/nonpolar/small; 
t-BuA, t-BuG, N-Melle, Nle and Cha are neutral/ 
nonpolar/large/nonaromatic ; 

Har and Orn are basic/noncyclic; 
Cya is acidic; 
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15 



Cit, Acetyl Lys, and MSO are neutral/polar/ 
large/nonaroraatic; 

2-Nal and Phg are neutral/nonpolar/large/ 
aromatic; and 9 

Pip and Thz are modified proline residues. 

follows: f ° reg0ing may be shown ^grammatically as 
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5 Acidic: 
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Glu (E), Asp (D); Cysteic (Cya) 

Non-cyclic: Lys (K), Arg (R); Ornithine (Orn); 

hoaoarginine (Har) 



Cyclic: His (H) 



Neutral 



Polar 



Non-Polar 



20 small 



Large 



25 



Non-aromatic Aromatic 



30 



Gly (G) Thr (T) 
Ser (S) Asn (N) 
Cys (C) Gin (Q) 



Cit 
MSO 

Acetyl Lys 



Small 



35 



Large 



Non-aromatic Aromatic 



Tyr (Y) Ala (A) 



Val (V) 
Leu (L) 
lie (I) 



Phe (T) 

(W) 



Aib 



tBuA 
-ala tBuG 

N-Melli 

Nle 

Cha 



Phg 
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h • Var±OUS ° mega - ainino aci <*s are classified 

according to si Ze as neutral/nonpolar/small (beta-ala, 
x.e., 3-ammopropionic, 4-aminobutyric) or large (all oth 

' in the ° ther 310:1110 aCid SUbStitUti ° ns for those encoded 
within alS ° * inClUded ln Pe * tide compounds 

within tT SCOPS ° f ^ ±nVenti0n C - bS Classified 
within this general scheme. 

In the formulas representing selected specific 
embodiments of the present invention, the amino-and 
carboxy-terminal groups, although often not specifically 
shown, will be understood to be in the form they would 
assume at physiological p H values, unless otherwisT 
specified. Thus, the N-terminal H% and C-terminal-o" at 

necessarily specified and shown, either in specific 

examples or in generic formulas, of course the hi- , 
ari 'H , Luur5e ' tne basic and 

acid addition salts including those which are formed at 
nosological pH values are also included in "e 
^pounds of the invention. Unless otherwise noted, the 

peptides of the invention have 0, 1, or 2 D-residues 
included, preferably 0 or !, most preferably 0. " the 

repretntedT' enCOdSd reSid " 9 *« appropriate is 

Z Z trlv- f " le " er desi ^"™. corresponding 

the^oli" ° £ ^ M,in ° a ° id ' in — <»-=e with 

tne following conventional list: 
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One-Letter 
Amino Acid Symbol 



Alanine A 
Arginine R 
35 Asparagine N 
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Aspartic acid p 

Cysteine q 

Glutamine q 

Glutamic acid g 

5 Glycine q 

Histidine jj 

Isoleucine j 

Leucine l 

Lysine ^ 

10 Methionine M 

Phenylalanine p 

Proline p 

Serine e 
Threonine 

15 Tryptophan w 

Tyrosine y 

Valine v 

Pyroglutamic acid z 
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The amino acids not encoded genetically are ab- 
breviated as indicated above. 

a nm • , • In SpSCif iC Prides shown in the present 

P " at 7: the L - f °™ of «i»o acid residue having 
«n optical isomer is intended unless otherwise expressly 
indicated by a dagger superscript (V while the * 
of the invention peptides are normally in the natural L 

acid™ f 01 "' " tW °' P refera ^y one, amino 

acid may be replaced with the optical isomer D form. 

Free functional groups, including those at the 
carboxy- or amino-terminus , can also be modified by 
amidation acylation or other substitution, which can, for 
example, change the solubility of the compounds without 
affecting their activity. 

In forming amidated peptides of the present 
invention, the analog compounds can be synthesized 
directly, for example using Boc-AA -pMBHA-Resin or Boc- 
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AA -BHA-Resin, wherein AA i s the se i 0 - ^ 
< -„^ I¥ ,,- =1 . x tne selected carboxv- • 

terminal ammo acid of the desired Dentin- / . 
further detail below Altem^ ■ , Pe£>tlde aS des «ibed in 
present invent Alte ^atxvely, the peptides of the 

5 II TT* T bS cheTOical iy or enzymatically 

5 amidated subsequent to peptide synthesis „«Hn„ 

known to the art or „ r l * svnthe sis using means well 

peptide svnth- * * * standard solution-phase 

peptiae synthesis protocols. 

. Certa i" embodiments of the de novo peptides of 

the invention are preferred. m the T^iZZ f„ 
10 G/Sar is preferably G. AA and » (G/Sar > D sequence, 

Ala or spr. , • ' 1 ^4 are Preferably Gly, 

Pref erreff or r °' 2 > is Preferably 1-2 

Preferred for AA 2 are neutral /nonpolar/ aromatic amino 

larly tryptophan, n is preferably 1. X and y . 

* (penicillamine) rosLiae v 

xs preferably H, acetyl, or Gly y is '* *, S ' Y l 

-A-NH 2 . Also PreferrL gene^Uy Le C tefl r 7 " 
forms of y . Y C " terminal amidated 



20 



Thus, preferred embodiments of the pat 
of the invention include peptides of thf foUol! 
formulas. ah-h«„~i. _h .. uwin 9 



25 



r ftrine ^mcaiiy shown; other cvclin 

forms are noted by "cyclo." <-ycxxc 



Preferre d Peptides 

30 --c-H-v^il: D .„XX1:?:^:^1:?:^ 

PAI 3: G-C-G-K-G-D-W-P- C -A-NH 2 ; 

PAI 4: G-C-K-G-D-W-P-C-A-NH- 

PAI 5: C-G-K-G-D-W-P-C-NH 2 

PAI 7: C-K-G-D-W-C-A-NH 2 ; 

PAI 9: Mpr-K-G-D-Pen-NH- 



* 
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PAI 10: C-K-G-D-W-P-C-NH 
PAI 12: C-K-G-D-Y-P-C-NH- 
PAI 13: C-K-G-D-F-P-C-NH 

2 

PAI 14: C-K-G-D-L-P-C-NH 
PAI 15: C-K-G-D-V-P-C-NH. 
PAI 16: C-K-G-D-Y(OMe)-P-C-NH_ 
PAI 17: C-K-G-D- ( 2-Nal ) -P-C-NH 

2 

PAI 18: C-K-G-D- (Cha) -P-C-NH. 
PAI 19: Mpr-K-G-D-W-P-C-NH 
PAI 20: Mpr-K-G-D-Y-P-C-NH 
15 PAI 21: Mpr-K-G-D-F-P-C-NH_ 

PAI 22: Mpr-K-G-D-L-P-C-NH 

2 

PAI 23: Mpr-K-G-D-V-P-C-NH 

2 

Mpr-K-G-D-Y ( OMe ) -P-C-NH 
Mpr-K-G-D- ( 2 -Nal ) -P-C-NH 
PAI 26: Mpr-K-G-D- ( Cha ) -P-C-NH_ 

mm 

PAI 27: cyclo (G-K-G-D-W-P) 
PAI 28: cyclo (A-K-G-D-W-P) 

cyclo ( D-Ala-K-G-D-W-P ) 
PAI 30: cyclo(F-K-G-D-W-P) 
PAI 31: cyclo (beta-Ala-K-G-D-W-P) 
PAI 32: cyclo (gamma-Abu-K-G-D-W-P) 
PAI 33: cyclo ( R-K-G-D-W-P) 
PAI 34: C-K-G-D-W-G-C-NH- 
PAI 37: C-K-A-D-W-P-C-NH- 
PAI 39: C-K-G-D-W-(Sar)-C-NH- 
PAI 41: C-K-G-D-I-P-C-NH„ 



PAI 24: 

20 PAI 25: 



25 PAI 29: 





WO 90/15620 



10 



30 



-38- 



PCT/US90/03417 



PAI 42: 
PAI 43: 
PAI 44: 
PAI 47: 



C-K-G-D- ( 4-Cl-Phe ) -P-NH, 
C-K- ( Sar ) -D-W-P-C-NH- 

C-K-G-D- ( 4-N0 2 -Phe) -P-C-NH 
Acetyl -C-K-G-D-W-P-C-NH 

2 

PAI 48: Mpr-K-G-D-W(Formyl) -P-c-nh. 
PAI 49: Mvl-K-G-D-W-P-C-NH 
PAI 51: Mpr-K-G-D-W-P-Pen-NH 

2 

PAI 52: Mpr-K-G-D-W-P-Pen* -NH_ 
PAI 54: Mnr-K-cn 1 



PAI 55: 
PAI 56: 



Mpr-K-G-D -W-P-Pen-NH, 
Mpr-K-G-D-W- ( Thz } -C-NH_ 



15 1 561 M P r - K -G-D-H(2,4-DNP)-P-C-NH 2 

PAI 57: Mpr-K-G-D- ( 2 -Nal ) -P-Pen-NH- 

PAI 58: Mvl-K-G-D-W-P-Pen-NH- 
PAI 59: 

20 PAI 60: 



PAI 63: 

25 PAI 64: 



Mpr-K-G-D-W- ( Pip ) -Pen-NH, 
Mpr- ( Har ) -G-D-W-P-c-NH 

2 

PAI 61: Mpr-K-G-D-W-P-C t -NH_ 
PAI 62: Mpr-K^G-D-W-P-Pen-NH 

2 

Mpr- ( Har ) -G-D-W-P-Pen-NH, 

mm 

Mpr- ( Acetimidyl-Lys ) -G-D-W-P-c-NH 
PAI 65: Mpr- (Acetimidyl-Lys )- G -D-W-P-Pen-NH 
PAI 66: M P r-(N G ,N G '-ethylene-Har)-G-D-W-P- C -NH 
PAI 67: Mpr-(N G ,N G '-ethylene-H a r)-G-D-W-P-Pen-NH. 
PAI 68: Mpr-Har-Sar-D-W-p-c-NH_ 
PAI 69: Mpr- (Acetimidyl-Lys )-G-D-W-P-Pen-NH 
PAI 70: Mpr- ( Phenyl iraidyl-Lys ) -G-D-w-p-c-NH. 
35 PAI 71 : Mpr-Har-Sar-D-W-P-PenNH- 

PAI 72: Mpr-(Phenylimidyl-Lys)-G-D-W-P-PenNH 

2 



l 2 
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PAI 73: MJ?r-Har-6-D-W-(3 f 4-dehydro-Pro).C-NH. 





PAI 74: 


Mpr-Har-G-D-Pen-NH- 




PAI 75: 


Mpr- ( Phenyl imidyl-Lys ) -G-E 


5 


Particularly preferred are peptides 

formulas 




PAI 3: 


G-C-G-K-G-D-W-P-C-A-NH- ; 




PAI 4: 


G-C-K-G-D-W-P-C-A-NH- ; 


10 


PAI 5: 


C-G-K-G-D-W-P-C-NH- ; 




PAI 9; 


Mpr-K-G-D-Pen-NH- ; and 




PAI 10: 


C-K-G-D-W-P-C-NH- 




PAI 12: 


C-K-G-D-Y-P-C-NH 2 


15 


PAI 13: 


C-K-G-D-F-P-C-NH- 




PAI 19: 


Mpr-K-G-D-W-P-C-NH- 




PAI 25: 


Mpr-K-G-D- ( 2-Nal ) -P-C-NH. 
C-K-G-D-W-G-C-NH_ 
C-K-G-D-W- { Sar ) -C-NH 2 


20 


PAI 34: 
PAI 39: 




PAI 42: 


C-K-G-D- ( 4 -Cl-Phe ) -P-NH- 




PAI 43: 


C-K- ( Sar ) -D-W-P-C-NH, 


25 


PAI 44: 


C-K-G-D- ( 4-NO„-Phe ) -P-C-NH_ 

2 




PAI 47: 


Acetyl-C-K-G-D-W-P-C-NH 9 




PAI 48: 


Mpr-K-G-D-W ( Formyl ) -P-C-NH, 




PAI 49: 


Mvl-K-G-D-W-P-C-NH 9 




PAI 51: 


Mpr-K-G-D-W-p-Pen-NH- 




PAI 52: 


Mpr-K-G-D-W-P- ( D-Pen ) -NH_ 




PAI 55: 


Mpr-K-G-D-W- ( Thz ) -C-NH- 
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PAI 56: 
PAI 57: 


Mpr-K-G-D-H (2,4 -DNP ) -P-C-NH_ 
Mpr-K-G-D- ( 2-Nal ) -P-Pen-NH. 




PAI 58: 


Mvl -K-G-D-W-P-Pen-NH, 
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PAI 59 
PAI 60 



Mpr-K-G-D-w- ( Pip j -Pen-NH- 
Mpr- (Har)-G-D-W-P-C-NH- 
PAI 61: Mpr-K-G-D-W-P-C t -NH 
PAI 62: M D r-K T 



PAI 63: 
PAI 64: 
PAI 65: 



Mpr-K -G-D-W-P-Pen-NH 
Mpr- ( Har ) -G-D-W-P-p en _ NH 
Mpr- (Acetimidyl-Lys ) -G-D-W-P-C-NH 
Mpr- (Acetimidyl-Lys ) -G-D-W-P-Pen-iffi 



PAI 67: MDr fN G .M G ' 
PAI 68: 



PAI 66: Mpr (N G ,N G '-ethylene-Har> -G-D-W-P-C-NH., 

Mpr ( N G , N G ' -ethylene-Har ) -G-D-W-P-Pen-NH 2 
Mpr-Har-Sar-D-W-p-C-NH_ 

15 PAI 69 S M P r -( Aceti ^idyl-Lys)-G-D-W-P-Pen-NH 

Mpr- ( Phenylimidyl-Lys ) -G-D-W-P-C-NH 
Mpr-Har-Sar-D-w-p-PenNH 

2 



PAI 70: 
PAI 71 
PAI 72 



Mpr- ( Phenylimidyl-Lys ) -G-D-W-P-PenNH 
20 PAI ?3: M P r - Har " G "^ { 3,4.dehydro-Pro).C^^ 

Chemical Synthesis of ^ r n ventlon B . r flJ „ 

Won can b!T°,T • * SC ° PS 0l the inven- 
tion can be synthesized chemically by means well Jcnovm i„ 

25 the art such as, e.g., solid-phase peptide syntheses tL 

t But!? "! ln9 M alpha - a ™ 1 »° Protected amino acid. 

all ^ ,B ° C) can be used for 

.11 amino groups even though other protective groups such 
!0 « fluorenylmethyloxycarbonyl (Frnoc), are suitable For 
example, Boc-Gly-OH, Boc-Ala-OH, Boc-His ( t=s,!oh a e 
selected carboxy-terminal amino acids, can be ester led' 
to chloromethylated polystyrene resin supports, p-^thn 
benzhydrylamme ( p„BHA, or PAH resins. II po ystyr^ne 

15 oTt o o rt 2 : s d prefe rt 1Y a copow ° c 

ut 0.5 to 2% divmyl benzene as a cross-linking agent 
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which causes the polystyrene polymer to be completely in- 
soluble in certain organic solvents . See Stewart et al 
Solid-Phase Peptide Synthesis (1969) W . H . Freeman'co San 
Francisco and Merrifield, J Am Chen. Soc ( i9 63) 85 ,2149- 
5 2154. These and other methods of peptide synthesis are 
also exemplified by U.S. Patent Nos. 3,862,925, 3,842,067 
3,972,859, and 4,105,602. ^,Ub7, 

The synthesis may use manual synthesis 
techniques or automatically employ, for example, an Ap- 
10 plxed Biosystems 430A or 431A Peptide Synthesizer (Foster 
City, California) following the instructions provided in 
the instruction manual supplied by the manufacturer 
Cleavage of the peptides from the resin can be performed 
using the "low-high" HF deprotection protocols as 
described in Lu, G.-S., et al., Int J Pent id. , 
Res (1987) 29:545-557. Refolding of analogs of the snake 
venom PAIs can be performed using the procedure outlined 
in Garsky, v., et al., Proc Natl Acad Sci ns a (1989) 

86:4022-4026 which describes the solid-phase synthesis of 
20 echistatin. 

The cyclic peptides of this invention which do 
not have disulfide bonds can be conveniently prepared by a 
combination of solid phase synthesis and formation of the 
cyclic ring structure in solution using the general 
methods as outlined in U.S. Patent 4,612,366 to Nutt. 
Thus, linear peptides prepared on standard Merrifield 
resin can be cleaved from the resin with hydrazine, fol- 
lowed by cyclization of the corresponding azide to form 
the cyclic peptides. 

It will be readily appreciated by those having 
ordinary skill in the art of peptide synthesis that the 
intermediates which are constructed in accordance with the 
present disclosure during the course of synthesizing the 
present analog compounds are themselves novel and useful 
compounds and are thus within the scope of the invention. 
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Recombi nant Production 

Alternatively, selected compounds of the present 
invention can be produced by expression of recombinant DNA 

5 SuchTT ^^^^ " aCC ° rdance wi *h well-known methods . 

5 Such production can be desirable to provide large quanti- 
ties or alternative embodiments of such compounds . Since 
the peptide sequences are relatively short, recombinant 
production is facilitated; however, production by 

10 13 particularl r Preferred over standard 

10 solid phase peptide synthesis for peptides of at least 8 
amino acid residues. 

The DNA encoding the sequenced PAI is preferably 
prepared using commercially available nucleic acid 
synthesis methods. Methods to construct expression 
15 systems for production of PAI in recombinant hosts are 
also generally known in the art. 

Expression can be effected in either procaryotic 
or eucaryotic hosts. Procaryotes most frequently ar7 

20 ^ Pre K en r d ^ Var±OUS Stra±nS ° f ^ £2ii- However, other 
20 microbial strains may also be used, such as bacilli for 

example Bacillus subtilis, various species of Pseudomonas, 

Plasma" r er±al StralnS • In SUCh ryotic systems, 

Plasmid vectors which contain replication sites and 

25 SSqUenCeS derived fr ™ * secies compatible with 

the host are used. For example, a workhorse vector for E 
coli is pBR322 and its derivatives. Commonly used ~" 
procaryotic control sequences, which contain promoters lot 
transcription initiation, optionally with an operator 

30 laZ 9 f ^ ribOSOIDe bindin *- Site sequences, include such 
30 commonly used promoters as the beta-lactamase 

(penicillinase) and lactose (lac) promoter systems, the 

tryptophan (trp) promoter system, and the lambda-derived 

P L promoter and N-gene ribosome binding site. However 

35 ^ aVailablS Pr ° m0ter s r stein compatible with procaryotes 
J-> can be used. 
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Expression systems useful in eucaryotic hosts 
comprise promoters derived from appropriate' eucaryotic 
genes a class of promoters useful in yeast, for example 
includes promoters for synthesis of glycolytic enzymes, ' 
e.g., those for 3-phosphoglycerate kinase . other yeast 
promoters include those from the enolase gene or the Leu2 
gene obtained from YEpl3. 

Suitable mammalian promoters include the early 
and late promoters from SV40 or other viral promoters such 
as those derived from polyoma , adenovirus II, bovine 
papilloma virus or avian sarcoma viruses. Suitable viral 
and mammalian enhancers are cited above. m the event 
Plant cells are used as an expression system, the nopaline 
synthesis promoter, for example, is appropriate. 

The expression systems are constructed using 
well-known restriction and ligation techniques and 
transformed into appropriate hosts. 

Transformation is done using standard techniques 
appropriate to such cells. The cells containing the 
expression systems are cultured under conditions appropri- 
ate for production of the PAI, and the PAI is then re- 
covered and purified. 
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Antibodie s 

The availability of the purified PAI of the 
invention also permits the production of antibodies 
specifically immunoreactive with these forms of the active 
peptide . 

The compositions containing purified PAI 
isolated from snake venom or otherwise synthesized can be 
used to stimulate the production of antibodies which 

immunoreact with the PAI peptide stan^.^ • 

jt«.j. pcpLiue . standard immunization 

protocols involving administering PAI to various 
vertebrates, such as rabbits, rats, mice, sheep, and 
chickens result in antisera which are immunoreactive with 
the purified peptide. PAI may be advantageously 
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conjugated to a suitable antigenically neutral carrier 
such as an appropriate serum albumin or keyhole limpet' 
hemocyanin, in order to enhance immunogenicity . m addi- 
tion, the free peptide can be injected with methylated BSA 
as an alternative to conjugation. Furthermore the 
antibody-secreting cells of the immunized mammal can be 
immortalized to generate monoclonal antibody panels which 
can then be screened for reactivity with PAI. 

The resulting polyclonal or monoclonal antibody 
preparations are useful in assays for levels of the cor- 

samples using standard 

immunoassay procedures. 

The Invention Assay 

The identification of snake venom starting 
material which contains active PAI, and which PAI has 
known specificity, is made possible by the assay of the 
invention. The assay rests on the observation that 
compounds which block the binding of fibrinogen to the GP 

IZl l C ° mPleX ~ — alS ° Capable of inhibiting 

the ToZllo^T** ag9re * ati0 * ° f P^telets Id 

the formation of platelet-thrombi in vivo. This observa- 
tion provides the basis for obtaining potent PAI by 
evaluating the ability of test materials to disrupt 
fibrxnogen-GP lib-Ilia interactions. 

form , In aSSay ' GP IIb ~ IIIa ' Prepared in purified 
form, for example as described by Fitzgerald, L.A., et 
al. , A£al_Biochem (1985) 151:169-177, incorporated herein 
by reference, 1S coated onto a solid support such as 

porfis T tUbSS ' " miCr ° titer * lates - The coated sup- 
port „ then contacted with fibrinogen and with the test 
material and incubated for a sufficient time to permit 
maximal binding of fibrinogen to the immobilized GP Hb- 
!: ! ibr f ° gen iS tars*""* Provided at a concentration 

al!d 0 \ ™ ^ ^ t6St mSterial Ca *' if *~*r«. ^ 

added at a series of dilutions . Typical incubations are 
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lenient. 35 ° C ' ^ "~ *** temperatu ~ 

After incubation, the solution containing the 
5 m b ^ n09e ? and t6St mat ^ial is removed and the level of 
binding of fibrinogen measured by quantitating bound 
fibrinogen to GP Ilb-IIla. Any suitable means of detec- 
tion may be used, but it is convenient to employ labeled 
fibrinogen, £or example using radioactive, fluorescent or 
bxotinylated labels. Such methods a» wai 1 i, 
10 not be elaborated here. ^ Md a ~ d 

Assessment of the results is aided by employing 
a control sample, usually identical to the test sample 
except that the test substance is absent. m this case 
15 r " ent / nhibition mav be calculated using the amount of 
Fg bound « the control as representing the basis, so that 

* *„*,<*,•«.■ control - test 

% inhibition = -„ x 100. 

control 

2q Other measures of inhibition effectiveness, such as IC 
may also be used. 50' 

The assay systems of the invention further 

inhib? t 6 - CharaCteriZati0n ° f PAI S P ecifi =ity by binding 

inhibition assays identical to that above but substituting 

5 ^rrr * r0teins Fg and other receptors for GP 

Ilb-IIla. m particular, inhibition of the binding of 
vitronectin to the vitronectin receptor; fibronectin to 
the fibronectin receptor; fibronectin to GP lib-Ilia and 
fibrinogen and/or vWF to GP iib-m. may be assessed. The 

3 abl! S - Ve .r tein ^ r " CePt ° rS f ° r th6Se aSS ^ s «• -ail- 
able in the art. 



Other Assay s 

tion «.„ ^ additi ° n t0 the P late assays of the inven- 
35 *"?\f hwr f <~ Platelet aggregation inhibition 

activity and related activities are also available, as set 
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forth above, m summary, a list of c^^, 

assays is as follows : em P lo ^° 

1. The plate assays utilizing specific 
receptors described in the previous paragraphs; 

„«r 2 ' Standard assa r s d ^ctly applied to platelet 

aggregation such as those described by Gan n, Z.J., et 

al T^TT^ (1988) ^ Jl9827 - 1 ^32; Huang, T.F., et 
TlSS^ J ? (198?) ^ !16157 -"^; Bic^hemistrv 

3 . An in vivo thrombosis model in docs as 
described hereinbelow in Example 1, and by Fo tlT J D et 
al-, Circulation (1976) 54:365; and ' 
... . 4 - Effect °n cell adhesion using S35 

15 inethxonxne-labeled cells as described hereinbelow in 
Example 19. in 

Administratin n and Utility 

'0 callv to ° f ^ ±nvention «• useful therapeuti- 

I PrSVent thr0mbUS f °™ ati °- indications ap! 
proprxate to such treatment include, without limitation 
atherosclerosis and arteriole] i. imitation, 
infarction ^ arteriosclerosis, acute myocardial 

attach If T C UnStaMe ln,ina ' ischemic 
attacks and strokes, peripheral vascular disease , 

5 preeclampsia, embolism, restenosis L^or 

thrombosis following angioplasty, carotid endarterectomv 
anastomosis of vascular cm-s^o ^ « «naarterectomy, 

devices re „ T „ ' d Chr ° niC "rdiovascular 

aevices (e.g., in-dwelling catheters or shunts 

extracorporeal circulating device* \ ,k 

0 reDresptl1 . , . „ g aevices ). These syndromes 

represent a variety of stenotic and occlusive vascular 

disorders thought to be initiated by platelet activation 

on vessel walls. °^ivauon 

of arteriallhro^ "I * Pr6Vention - Portion 

» arterial 111 . ati0n ' ^ URStable M * ina an <* 

prev^tL! f 1 " thr0mb ° SiS ' as - treatment or 

prevention of myocardial infarction (MI ) and mural 
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treat^nt ^ b "^l^ disorders, 

treatment or prevention of transient ischemic attack and 
treatment of thrombotic stroke or stroke-in-evolution are 

included. . * 

5 The p AIs may also be used for prevention of 

platelet aggregation, embolization, or consumption in 
extracorporeal circulations, including improving renal 
dialysis, cardiopulmonary bypasses, hemoper fusions, and 
plasmapheresis. 

10 pais prevent platelet aggregation, embolization, 

or consumption associated with intravascular devices, and 
administration results in improved utility of intraaortic 
balloon pumps, ventricular assist devices, and arterial 

catheters . 

15 The PAIS will also be useful in treatment or 

prevention of venous thrombosis as in deep venous 
thrombosis, IVC, renal vein or portal vein thrombosis, and 
pulmonary venous thrombosis. 

Various disorders involving platelet consump- 
tion such as thrombotic thrombocytopenic purpura are also 
treataDie . 

In addition, the PAls of the present invention 

Tnh^ 86 * f n nUmer ° US nonthe "P^tic applications where 
inhibiting platelet aggregation is desired. For example, 
improved pikelet and whole blood storage can be obtained 
by adding sufficient quantities of the peptides, the 
amount of which will vary depending upon the length of 
proposed storage time, the conditions of storage, the 
ultimate use of the stored material, etc. 

The PAI dosage can range broadly depending upon 
the desired affects and the therapeutic setting 
Typically, dosages will be between about 0.01 and 10 mg/ 
kg, preferably between about 0.01 to 0.1 mg/kg, body 
weight. Administration is preferably parenteral, such as 
intravenous on a daily basis for up to a week or as much 
as one or two months or more, all of which will vary with 
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llllTTe t \ PePtideS " e ««^i«tly 

small (e.g., less than about 8 -10 amino acid residues) 

other routes of administration can be utilized, such as 
mtranasally, sublingually, or the like." 

Injectables can be prepared in conventional 
forms, either as liquid solutions or suspensions, solid 
forms suitable for solution or suspension in liquid prior 
to inaction, or as emulsions. Suitable excipients are 

tll^^^"' SSline ' dSXtrOSe ' mannito1 ' Setose! 
lecithin, albumin, sodium glutamate, cysteine hydro- 
chloride or the like, m addition, if desired, the 
xn^ec table pharmaceutical compositions may contain minor 
amounts of nontoxic auxiliary substances, such as wetting 
agents, p H buffering agents, and the like, if desired 
absorption enhancing preparations (e.g., li posoines , ^ ^ 
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Example 1 

Assay for Snak* v^nm Platelet *H^ sion Inh<M ^ 

A " P e soription of Assays — pi ate As Sa y g 

Purified platelet GP IIb-iii a receptor was 
prepared as described by Fitzgerald, L.A., et al. Anal 
B-chem (1985, 151:169-177. Vitronectin receptor V 7T 

T^t aS J eSCribed ^ Smith ' J - W - i^io^Chem (1988, 

™ * 31 * ™ Cati °»' the receptors were 

stored xn 0.1% Triton X-100 at O.l-i.o mg/ml. 

The receptors were coated to the wells of 96- 

pLte TlTlT l LISA Plat6S (Linbr ° EIA - P1US ^rotiter 
Plate, Flow Laboratories, after diluting 1:200 with a 

solution of 20 mM Tris-HCl, 150 mM NaCl, 1 «n c«ci„. p H 
7 4 to reduce the Triton X-100 concentration to below its 

00 uTt miC \ llar C ~" tion — -*Hng an aliquot of 
100 ul to each well. The wells were all allowed to ' 

xncubate overnight at 4°C, and then aspirated to dryness. 
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Additional sites were blocked by the addition of bovine 
serum albumin (BSA) at 35 mg/ml in the above buffer for 2 
r at 30 C * to Prevent nonspecific binding. The wells 
were then washed once with binding buffer (50 nM Tris-HCl 
5 100 mM NaCl, 2 mM CaCl.,, 1 mg/ml BSA). 

The corresponding ligands (fibrinogen, von 
Willebrand Factor, or vitronectin) were labeled with 125 i 
or conjugated to biotin using commercially available re- 
agents and standard protocols. The labeled ligands were 
added to the receptor-coated wells at final concentration 
of 10 nM (100 ul/well) and incubated for 3 h at 30°C in 
the presence or absence of the test samples. After 
incubation, the wells are aspirated to dryness and bound 
ligand is guantitated. 
15 » 125 

For I-labeled ligands, the protein is 

solubilized with 250 ul SDS. For biotinylated ligands, 
the bound protein is detected by the addition of 
antibiotin antibody conjugated to alkaline phosphatase 
followed by addition of substrate (p-nitrophenyl 
Phosphate), and determination of the optical density of 
each well at 405 nm. Decreased color development or 
decreased i content is observed in wells incubated with 
test samples which inhibit binding of ligand to receptor. 

B ' Dete ™ination of Adhesi on Inhibition in Crude 7onn m 

Sixty-eight crude, lyophilized snake venoms 
obtained from either Sigma Chemical Company (St. Lo uis 
MO) or Miami Serpentarium Labs (Salt Lake City, UT) were 
dissolved at 1 mg/ml in buffer (50 mM Tris, 100 mM NaCl 
0.02% azide, 2 mM CaCl 2 ). One ml aliquots of the solu-' 
tions were subjected to ultrafiltration through Centrocon- 
10 (YM membrane) microconcentrators (Amicon, Danvers, MA) 
The filtrates were used as test samples in the receptor/ ' 
ligand assay of paragraph A using the GP lib-Ilia/ 
fibrinogen system, and detecting binding using 
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biotinylated fibrinogen. The results are s hn • 

1. UAts are shown m Table 

It is seen that the activitv i* r,™„^ ^ . 

but not an „ • lc y * s present in some, 

cut not all, specxes of Viperinae, but absent in a „ 

5 cies tested of Elapidae. in &11 Spe ~ 

Figure 1 shows the results at varin,,* 
of the filtM*-. * various dilutions 

»a*i»al inhibition ^ '"^ ~ «»— 
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°' B ' t "^ atl0n ° £ th6 - Peptide „ 

vivo Model of Thro-hn^. n_an_in 
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Purified peptides were tested for their -bin* 
to prevent thrombi formation in dog coronary a'eriL in" 
the model described by Folts (Folts j. D ., et al cl ? 
tion (1976) 54-365 m ^ , ' Circula- 

c^nltrictJ T m ° de1 ' fl ° W Auctions In a 

constricted coronary artery have been shown to be due to 

the formation of platelet aggregates an H «. Z 

blor-ir th D k- j. yyj-egates, and agents which 

block the binding of fibrinogen to GP Hb-iiia h»„ k 
shown to prevent these flow reductions Coller B s 11 
: m f^. (1986 ' The Peptides were dlssol^d L 

s nT £ r ^ -to a peripheral .ein'a "a 
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viperinae (Tram vipers) 

Atheris squaaigera (Green Bush Viper) 

Bitis nasicornus (River JacX) 

Causus rhoabeatus (Rhoabic Might Adder) 

Cerastes cerastes (Desert Horned Viper) 

Cerastes viper a (Sahara Horned Viper) 

Ecfais carinatus (Saw-scaled Viper) 

Echis colorata (Carpet Viper) 

Eristicophls ucaahonii (Kaeaahons Viper) 

Pseudoceraata* field! (Parsian Horned Vipar) 

Vipera xanthina xanthine (Ottomans Viper) 

Vipera aamodytas (Long-nosed Viper) 

Vipera r. rusaalli (Russells Vipar) 

vipera r. siaaensis 

Vipera palaastinae ( Pales tina Viper) 



Activity 



TABLE 1 

CENTRICON 10 PURIFIED VENOKS SCREENED IN XXb-KIa PLATE ASSAY 

Elapids 

Austrtlaps suparba (Australian Copperhead) 
Acanthopis antarcticus (Death Adder) 
Dendroaspis jaaesonii (Jaaeson*s Maoba) 
Notechis scutatus (Mainland Tiger) 
Psaudechis colleti guttatus (Blue-bellied) 
Pseudechis taxtillis textillis (Coaaon Brown) 
Oxyuranus scuteilatus (Papuan Taipan) 



Activity 
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TABLE 1 ( Continue 
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Crotalinae (Pit Vipers) 

AgJcistrodon rhodostoaa (Halayan Pit Vipmr) 

AgJcistrodon halys blotahoffi (Mamushl) 

AgJcistrodon hypnale (Hump-nosed Viper) 

AgJcistrodon acutus (Sharp-nosed Viper) 

AgJcistrodon bilineatus (Mexican Moccasin) 

AgJcistrodon contortrix contortrix 

AgJcistrodon c. laticinetus 

AgJcistrodon c. pictigaster 

AgJcistrodon contortrix moJcasen (Northern 

Copperhead) 

AgJcistrodon piscivorous piscivorous 

(Eastern Cottonmouth) 

AgJcistrodon piscivorus leucostoaa 

(Was tarn Cottonaouth) 

AgJcistrodon piscivorous conanti 
Botnxops aspar 

Botnxops nuaaifar (Jumping Vipar) 
Botnxops cotiara (Cotiara) 
Botnxops jararacussu (Jararacussu) 
Botnxops jaxaxaea (Jararaca) 



alternata (Urutu) 
aedusa 



35 



Botnxops nauviadi 
Botnxops nasuta 
Bothxops pradoi 



Activity 



4- 
+ 
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TABLE I (Continued) 



3ot.nrops scnlagii (Senilis vi p « r) 
rri Mr <,ums gra.in.us (Fomo«n Gr,« n H *bu) 
Tri»« r «surus flavoviridia (Okin.w* H*bu) 
Tria«r«surus v*gl«ri 
lach«sis auus (Bushatstar) 

Cwealu. durrisu. urriUcus (Tropical iu«i„ n *^> 
Crocalus durissus totcnacacus 

Crocaius durissus durissus 
Crocaiu, scutal.eus (Hoj«v« raetl.sn**., 
Corralu, hcrridu. hcrridu, (Tiab.r Raetla.n,*., 
Crctalu, hcrridu* acricaudatu, CCan«br. k . W) 
Crotaius acrox (v*az mTT x Diaaondbaex) 
Crocaius adaaant.u, (East.™ Oia«ondb*ck) 
Crotalu* basilicus (Mexican *.«-«, M c W) 
Crocaius aclo.aus .olosaus (BlaeJc-caii^ j», 
Croealua nib.r rub«r (JUd dia.ondb.ck rs, 
Crotalu, e«ra«««s car.**., (Mojav . , idawlad ^ J 
crotalu, viridi, viridia (Prairi. 
Crotalu.. v. h .ll«rl <Sotttti«rn p««i flc „, 
Crct * iu * v - «r«?«nu* (Hortt»«r» pacific X3) 
crotalus v. carabaru. (Arizona black *S) 
Croealua v. lutes** (Crmat Basin RS) 
Crot * lu « v. cencolor (Hidqawadad S3) 

catanatus taroaaiaus (Mascara 
■ilarius barbouxi (SoottMuttn riaay 
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D * E£fects of Purified S nake Venom P eptides on r.n 
Attachm ent to Adhesive Proteins 

M21 melanoma cells, which express high levels of 
the vitronectin receptor, were metabolically labelled with 

S-methionine, and then added to 24-well tissue culture 
plates coated with vitronectin. An incubation period of 1 
hr at 37 C was allowed for cell attachment, and this was 
followed by a wash to remove non-adherent cells. After 
washing, the adherent cells were solubilized, and the 
supernatants placed in a liquid scintillation counter 
The fraction of cells remaining adherent was calculated by 
do.vido.ng the cpm in the solubilized supernatants by the 
cpm in the total number of cells added to each well The 
effects of purifed snake venom peptides and synthetic 
cyclic peptides on cell adhesion was determined by includ- 
ing them with the M21 cells during the incubation period. 

E * Specifici ty of Adhesion Inhibition 

Ultrafiltrates from three species of snake 
venom, Sistrurus nu barbouri, Crotalus ruber ruber , and 

Cr ° taluS basilicus ' were tes *ed in both the f ibrinogen/GP 
Ilb-ina and vitronectin/vitronectin receptor assays of 
paragraph A. The results were evaluated at various dilu- 
tions, as shown in Figure 2, the venom from Sistrurus m. 
barbouri preferentially inhibits the binding of fibrinogen 
to GP lib-Ilia; the venom of Crotalus ruber ruber inhibits 
Ending m both systems approximately equally; and the 
venom from Crotalus basilicus preferentially inhibits 
vitronectin/vitronectin receptor binding. 

In the purifications described in Examples 2-6 
and 8-12, pai activity was assayed using a direct inhibi- 
tion of platelet aggregation. Platelet rich plasma ( prp) 
was obtained from a healthy human volunteer. Aggregation 
was induced by the addition of 4 uM ADP to 0.5 ml prp in 
an aggregometer (Chrono-log Corp.). 
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A table showing results of amino acid composi- 
tion analysis of purified PAIs of Examples 2-6 will be 
found after Example 6; that showing the results for 
Examples 8-11 is shown after Example 8. 
5 This analysis was obtained by hydrolysis of 

peptides using 6 N HC1 and analyzing the hydrolysate using 
a Beckman 121 HC analyzer equipped with a Model 126 data 
system. Cysteic acid was determined according to the 
method of Moore, J Biol Chem (1969) 230:235-237. 
10 Tryptophan was not determined. 
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Example 2 

Purification of Platelet Aggr egation Inhibitor (PAT } 
From Erist ocophis macmahoni Vano™ 

15 A solution of 45 ma °f Eristocophis macmahoni 

venom (Miami Serpentarium Labs, Lot #EM23SZ) in 1 0 ml of 
0.5% trifluoroacetic acid (TFA) was cooled on ice for 20 
mm, spun at 14,000 rpm for 3 min to remove insoluble 
material and loaded onto a 3.9 mm x 30 cm, C-18 Delta Pak 
reverse-phase HPLC column (Waters, Milford, MA) 
equilibrated with 5% acetonitrile containing 1% TFA A 
gradient running from 5% to 15% acetonitrile over 5 min 
(2%/min) followed by a gradient from 15% to 30% 
acetonitrile over 35 min and then to 50% acetonitrile over 
20 nun, was run using a Waters 600E liquid chromatograph . 
A flow rate of 1.5 ml/min was maintained throughout the 
gradient and column effluent was collected in 2 min frac- 
tions into polypropylene tubes. 

The column effluent was monitored at 220 nm/2 5 
absorbance units full scale (AUFS) . 

Fractions were concentrated to one-half their 
original volume using a Speed-Vac concentrator (Savant) 
followed by lyophilization. Samples were then re- 
constituted in 1 ml distilled water and aliquots (10-50 
ul) assayed for their ability to inhibit human platelet 
aggregation in platelet-rich plasma induced by 20 uM ADP 
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using a whole blood aggregometer (Chrono-Log Corp 
Havertown, PA) . 

«.. A ! ShOWn ±n FigUrS 3 ' activit y was found in 
fractions that elated at 21-25% acetonitrile concentra- 

VT'n J fraCti ° nS were then lyophilized and rerun on 
tfte C-18 HPLC column using shallower acetonitrile gradient 
as follows: initial conditions consisted of 8% 
acetonitrile followed by a gradient to 25% acetonitrile 

10 ZT 5 n ( °- 25%/min >' «™ ^ 60% acetonitrile in 10 

10 nun, One-mxnute fractions were collected, dried and 

reassayed for inhibitory activity in platelet aggregation 
of human platelets as above. y«ion 

As shown in Figure 4, the activity eluted at 24% 
acetonitrile. The active fractions were then subjected " 
15 analytxcal HPLC with detection at 220 nm and eluted as a 
single symmetric bioactive component as shown in Figure 5 

tLTthT \ na i ySiS ° f ^ HPLC -^ ifi ^ -serial shewed 
that the peptxde contains 49 residues including 7-8 
cysteines, as set forth in Table 2. 

20 k tempts at automated Edman degradation of the 

carboxyamxdomethylated peptide did not yield any detect- 

ptrfor^r nC ;; T Theref ° re ' di ^ eStion ° f this material was • 
performed wxth Lys-c and Asp- N endoproteinases yieldinq 

'5 zrzi: hich wer : sequenced and are shown 

This analysis revealed a sequence of 48 residues 

thin!' S±nCe tryPt ° phan " Sid — «. apparent from 

this sequence analysis which were not determined in the 

1"° aCid —P-^ion, the intact peptide contains 51 
ammo acxd residues. Thus, two Glx and one Arg residues 
0 mxssxng from the determined sequence were presLb y 
present at the blocked amino terminus of the peptidl 

T™ T S T ite 1±kely thSt ° f th6 G1X residu - -s 

the blirr reSidUS ^ ^ t6rminuS lead -g to 

5 1 7 natUrS ° f thS int3Ct ^ide, we remove! this 
group from the intact, carboxyamxdomethylated peptide with 
the enzyme pyroglutamyl aminopeptidase (L-pyroglutamyl 
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pept.de hydrolase, EC 3.4.11.8, Boehringer Mannheim 

Podein:: 1 ^ »>• Protocols described by 

Podell and Abraham, Biochem Blonhy „ 

Se 1 , h " USSd " Dl9eSti0n ° f WO ug of peptide with 
the peptidase at a substrate-to-enzyme ratio of 100:1 
followed by reversed-phase HPLC purification of the 
mixture on a Waters analytical C-18 column gave material 
suitable for automated Edman degradation. The results of 
this analysis and the assignment of the entire sequence of 
FigureT ^ ™ ***** " eri5ticODh ^ " - shown in 

The complete amino acid sequence of this PAI, is 
shown in Figure 6 . This peptide has RGD in the binding 
region and shows considerable homology to echistatin. 

Example 3 

Purification of PAI frnm 

.Sistrurus catenatus terpentine v. ■ 

Three hundred sixty mg of Sistrurus c 

?fff. Ven0r " (M±ami Serpentarium Labs, Lot7sT6S 2 ) was 
dissolved m 7.0 ml of 0.5 M acetic acid and applied to a 
column of Sephadex G-50 fine (Pharmacia, 2.5 x 100 cm) 
equilibrated and eluted with 0.5 M acetic acid The 
column was run at a flow rate of approximately 25 ml/hr 
and 5-ml fractions collected. Twenty-five ul of each 
fraction was pooled in groups of 10 fractions (i.e frac 
tions 1 10, n-20, etc.) and lyophilized for analyst 
The dried pooled fractions were redissolved in water and 

• aSS T d inhibit0r ^ acti ^ty in ADP-stimulated 
aggregation of human platelets. Active fractions (31-40) 
were pooled and lyophilized. ' 

This material was dissolved in 2 ml of 0.5% TFA 
and loaded onto a 19 mm x 30 cm C-18 Delta Pak reverse- 
phase HPLC column (Waters) equilibrated with 8% 
acetonitrile containing 0.1% TFA. A gradient from 8% to 
30% acetonitrile concentration over 30 min and then to 60% 
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acetonitrile over twenty min was run at a flow rate of 18 
ml/min. The column effluent was collected into 
polypropylene tubes in 0 . 2 min fractions and monitored at 
220 nm/2.2 AUFS. Fractions were concentrated on a Speed- 
Vac concentrator (Savant), lyophilized and assayed for 
antiaggregation activity with human platelets as previ- 
ously described. 

Figure 7 shows that the PAI-containing fraction 

elutes at 24-25% acetonitrile. Analysis of these active 

fractions using HPLC with detection at 220 nm showed a 

symmetric bioactive component, as shown in Figure 8. The 

amino acid analysis of this material showed a peptide of 

71-72 residues, including 12 cysteines, as shown in Table 
2. 

A portion of the purified peptide was reduced 
and alkylated with iodoacetamide and purified on a C-18 
reverse-phase HPLC column. N-terminal sequence analysis 
of this material revealed the following amino acid 
sequence for 23 cycles of Edman degradation: Glu-Ala-Gly- 

Glu-Glu-Cys-Asp-Cys-Gly-Ser-Pro-Ala-Asn-Pro-Cys-Cys-Asp- 
Ala-Ala-Thr-Cys-Lys-Leu . 

The complete amino acid sequence for this PAI, 
which was named " terqeminin " is shown in Figure 6. 

The purified peptide was tested in the receptor- 
based assays described in Example 1, paragraph A. 
Concentrations of pure peptide at less than 100 nM 
inhibited the binding of Fg and vWF to GP lib-Ilia and of 
Vn and vWF to the vitronectin receptor, as shown in Figure 



Example 4 

Purification of Plat elet Aggregation Inhibit 
from Sistr urus milarus barbouri Venom 
Two hundred ma °f Sistrurus nu barbouri venom 
(Miami Serpentarium Labs, Lot #SM13SZ) was dissolved in 
7.0 ml of 0.5 K acetic acid and applied to a column of 
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ITT, T (PharmaC 2 ' 5 * 100 ^ ^uil ibrat e d 

and eluted with 0.5 M acetic acid. The column was run at 

a flow rate of 26 ml/hr and 5 ml fractions were collected 

and analyzed for antiplatelet aggregation activity as 

5 previously described. Active fractions (41-50) were 

pooled and lyophilized. This material was redissolved in 
2.0 ml 0.5% TFA and loaded onto the preparative C-18 HPLC 
column as in Example 3 and eluted employing the same 
gradient conditions . Two-tenths-min fractions from the 

0 column were collected into polypropylene tubes, 

concentrated, lyophilized and analyzed for platelet ag- 
gregation inhibitory activity. 

MTr , FigUre 10 Snows the activity profile from this 
HPLC column. The active fractions were subjected to 
• analytical HPLC, which showed several fractions (45-47) 
which were more than 90% homogeneous. The peptide of 
fraction 46 (150 ug, was purified to homogeneity on an 
analytical C-18 column with manual collection of the sym- 
metric peak, as shown in Figure 11. Amino acid ^ 
of thxs material showed a peptide of 71-72 amino acids, 
including 12 cysteine residues, as set forth in Table 2 

The purified peptide (ISO ug) was dissolved in 
300 ul reaction buffer (6 M guanidine HC1, 0.25 M Tris- 
HC1 20 mM EDTA, 20 mM dithiothreitol (DTT), p H 7.5) for 
was fllT r m temperatUre t0 red -e the peptide. This 

TaLI h? 7 reaCti ° n ° f 3 Ul ° f 4 --ylpyridine 
(Aldrich) at room temperature for an additional hour. The 
reaction was stopped by addition of 200 ul 1% TFA and 
loaded onto an analytical C-18 HPLC column and eluted with 
an acetonitrile gradient in water containing 0.1% TFA 
starting at 8% acetonitrile and running to 25% 
acetonitrile in 20 minutes, then to 60% acetonitrile in 10 

subnH,, h f POrti ° n ° f thlS Py rid r let »ylated material was 
submitted to N-terminal sequence analysis, as described 

above, and exhaustive proteolytic cleavage of the reduced 
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Lvs C and h ^ endoproteinase 

end °P^teinase Asp- N with peptide fragments 
isolated on either C-3 or C-18 reverse-phase HPl£ columns 
using acetonitrile/water/TFA gradient elation. The amino 
acid sequence of the N-terminus of the intact peptide and 
isolated proteolytic fragments were determined as 
described by Yarden, Y. , et al., Nature (l 986) 3 23:226, 
using automated Edman degradation on a gas-phase~ 
sequencer . 

The complete amino acid sequence of this 
isolated peptide, designated " barbourin - is shown in 
Figure 6, along with the sequences for the proteolytic 
fragments . A comparison of this sequence with those of 
other snake venom adhesion inhibitors is shown in Figure 



20 



25 



30 



35 



Example 5 

Purification of P flT from Larh^o routas v 

99 mg of Laches is mutas venom (Miami 
Serpentarium Labs, Lot #LM15F Z) was dissolved in 2.0 ml of 
0.5% tnfluoroacetic acid was cooled on ice for 20 min 

IndYY!' 000 ^ 3 ^ t0 inS ° lub ^ -serial 

and loaded onto a 3.9 mm x 30 cm, c-18 Delta Pak reversed- 
Phase HPLC column (Waters) equilibrated with 5% 
acetonitrile containing 0.1% trif luoroacetic acid A 
gradient form 5% to 15% acetonitrile over 5 min and then 
to 30% over 35 mm (2%/min) and continued to 60% 
acetonitrile over 20 min was run. The flow rate was 

ZlTZ^n I'" ml/l,,in ^ C ° 1Umn 6ffluent stored 
at 220 nm/3.0 AUFS. Two minute fractions were collected 

~ ed * s r d - vac - i y °p h iii Z ed. F ractio;: :l 

assayed for platelet aggregation inhibitory activity 

at 18% „ ! igUrS " Sh ° WS aCtiVS frac tions which elute 
at 18% acetonitrile. These frart^ne 

lfi rnl , . inese factions were rerun on the C- 

18 column usxng a shallower gradient consisting of a 40 
nun gradient from 5-28% acetonitrile. One-min fractions 
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were collected, concentrated, lyophili ze d and assayed for 
Platelet aggregation inhibition activity, with the results 
shown in Figure 14. These active fractions were run on an 
analytical C-18 column, and the eluted center peak frac- 
5 txon collected by hand. The eluted material, which is in 
a single symmetric peak, as shown in Figure 15, was 
subjected to amino acid analysis and showed a peptide of 
72-73 amino acids containing 12 cysteines, as shown in 
Table 2. 



10 



The complete amino acid sequence of this PAI 
called "lachesin" is shown in Figure 6. ' 
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Example 6 

Purification of pai from Crotalus virH,- e v iridis vonnm 

47 mg of Crotalus Ziridis viridis venom (Sigma 
Chemical Co., Lot #24F-0534) was dissolved in 1 m l of 0.5% 
tnfluoroacetic acid, cooled on ice for 20 min, spun at 
14,000 rpm for 3 min to remove insoluble material and 
loaded onto a 3.9 mm x 30 cm C-18 Delta Pak reverse-phase 
HPLC column (Waters) equilibrated with 5% acetonitrile 
containing 0.1% trif luoroacetic acid, a gradient from 5% 
to 15% acetonitrile over 5 min (2%/min) followed by a 
gradient from 15% to 30% acetonitrile in 35 min and then 
to 60% acetonitrile in 60 min was run. A flow rate of 1 5 
ml/min was maintained throughout the gradient and the 
column effluent was collected into polypropylene tubes in 
2 min fractions. The column effluent was monitored at 220 
nm/3.0 AUFS. Fractions were concentrated, lyophilized and 
assayed for platelet aggregation inhibitory activity. 

The active fractions, shown in Figure 16 as 18- 
19% acetonitrile, were run on the C-18 HPLC column using a 
gradient of 8%-20% acetonitrile over 48 min (0.25%/min, 
The fractions were concentrated and lyophilized and tested 
for activity; the active fractions were run on a C-18 
column using 8-16% acetonitrile over 10 min, 16-20% 
acetonitrile over 15 min, and then to 60% over 10 min 
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The effluent was monitored at 220 nm with individual peaks 
collected by hand into polypropylene tubes. Reanalysis of 
the active peak on analytical HPLC gave the results shown 
m Figure 17. The amino acid analysis conducted on this 
5 peak showed a 72-73-residue peptide containing 12 

cysteines, as set forth in Table 2. The complete amino 
acid sequence of this PAI called "viridin" is shown in 
Figure S and is compared to other PAI in Figure 12. 
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Tab(«2 



Amino acid Compositions of Purified Psptidts 



m. 



1 



«• 1 



Mrs 4 3 

«i 0 0 

*9 4 5 



2 2 



9 9 



V * 2 2 



* 0 0 



4 

0-1 

7 



" t1 to 



* 2 



W S4 7 



7 « 9 



v. 



4 



1 2 



4 5 « 



3 3 2 3 



71-72 71-72 72-73 74.73 



3* 4 

* 0 

5 7 

" 7 
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Example 7 

Comparison of Purifi ed PAI to Echistatin 

5 and 4 . idSS PUrified as *"«±b«i in Examples 2 

5 and 4, eristicophin and barbourin, were compared to the 
49-residue peptide echistatin in inhibiting fibrinogen 
binding to GP lib-Ilia, as described in Example 1, 
paragraph A. Figure 18 shows that these purified PAIs are 
2-3 times more potent in this assay than the standard 
10 echistatin. 

Peptides purified to homogeneity from Echis 
cannatus , Sistrurus barbouri . and Eristicophin 
macmahoni venoms were compared to echistatin in the ADP 
stimulated platelet aggregation assay. Increasing 
concentrations of purified snake venom peptides were added 
without preincubation) at the indicated concentrations 
(Figure 19) . Snake venom peptides from Eristicophi s 
HiS-nahoni and Sistrurus m, barbouri were at least twofold 
more potent than echistatin, in agreement with their order 
of potency observed for inhibiting fibrinogen binding to 
fee I lb- I I ia as presented above. 
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Example 8 

Purifica tion of pai from 

Crotalus eerartw cerastas 

One gram of Crotalus c ror=cfr,. 
~ ^ . 3 - xus c * cerasi-^B venom (Miami 

Serpentanum Labs, Lot #CE4SZ> was dissolved in 7.0 ml of 

fine rp a hatl aCl V" d ^ * ° f S *^* «0 

till ? ' X e * uilibr ^<* and eluted 

If 25 ml/h aCld - ^ C ° 1Umn ^ r - at * *™ »f 

of 25 ml/hr with 5 ml fractions collected into 

polypropylene tubes. Aliquots of these fractions were 
assayed for aggregation activity inhibitory activity as 
previously described. Active fractions (71-80) were 
pooled and lyophilized. The dried material was 
resuspended in 2.0 ml of 0.5% TFA, insoluble material 
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removed by centrif ugation and loaded onto the preparative 
C-18 Waters HPLC column as described in Example 3 and 
eluted employing the gradient elution conditions described 
in Example 3 . Fractions from the column were collected 
5 into polypropylene tubes, concentrated and analyzed for 
Platelet aggregation inhibitory activity, figure 20 shows 
the activity profile from this HPLC fractionation. 

Active fractions with platelet aggregation 
inhibitory activity were pooled and lyophilized and rerun 
10 on the preparative C-18 HPLC column eluted with the same 
gradient. Fractions were collected by hand into 
polypropylene tubes and again assayed for platelet ag- 
gregation inhibitory activity as before. Active fractions 
were analyzed on an analytical C-18 column using the 
15 conditions described in Example 4 and homogeneous frac- 
tions were pooled and lyophilized. Analytical HPLC 
analysis of this material is shown in Figure 21. 

Purified peptide was subjected to amino acid 
analysis revealing that it was a peptide of 73-74 amino 
acids containing 12 cysteine residues, as set forth in 

The purified peptide (450 ug, was dissolved in 
750 ul reaction buffer (6 M guanidine-HCl , 0.25 M Tris- 
HC1 20 mM EDTA, 20 mM dithiothreitol (DTT) , P H 7.50) for 
1.5 hr at room temperature to fully reduce the peptide 
followed by reaction at room temperature for 1 hr with 
excess iodoacetamide (Fluka, 16 mg) . The reaction was 
stopped by addition of 500 ul of 1% TFA and loaded onto an 
analytical C-18 HPLC column and eluted with a gradient of 
acetonitrile from 8% to 25% in 20 minutes, then to 60% 
acetonitrile in 10 minutes. The uv absorbing peak was 
collected by hand into 1.5 ml eppendorf tubes and dried 

A portion of this carboxyamidomethylated peptide 

p w :: t e s oTt tted , to N - terminai sequence anai ^ si - ^ust": 

proteolytic cleavage of the carboxyamidomethylated peptide 
was performed using endoproteinase Lys-C and 
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endoproteinase Asp-N. Peptide fragments from these 

tm^T^ iS ° lated ° n Sither C " 3 ° r C " 18 "versed-phase 
HPLC columns using acetonitrile/water/TFA gradient elution 
conditions . Amino acid sequence was determined as 
5 described in Example 4. The complete amino acid sequence 
determined for "cerastin" is shown in Figure 6, and is 
compared to that of other PAI in Figure 12. 
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Example 9 
Purification of pat 
from Crotalus ruber ruber venom 
One gram of Crotalus ruber ruber venom (Miami 
Serpentarium labs, Lot #CF17SZ) was dissolved in 8 ml of 
0.5 M acetic acid and applied to a column of Sephadex G-50 
fine (Pharmacia, 2-5 x 100cm) equilibrated at room 
temperature and eluted with 0.5 M acetic acid. The column 
was run at a flow rate of 25 ml/hr with 5 ml fractions 
collected into polypropylene tubes. Aliquots of fractions 
were assayed for platelet aggregation inhibitory activity 
as described. Active fractions (61-70) were pooled and 
lyophilized. The dried material was resuspended in 2.0 ml 
of 0.5% TFA. Insoluble material was removed by 
centrifugation and loaded onto a preparative C-18 Water 
HPLC column as described and eluted employing the gradient 
conditions described in Example 3 . Fractions collected 
into polypropylene tubes were concentrated on a Speed-Vac 
concentrator and analyzed for platelet aggregation 
inhibitory activity. 

Figure 22 shows the activity profile for this 
HPLC fractionation. Individual active fractions were 
lyophilized. Fractions 49 and 50 were pooled and loaded 
onto the analytical C-18 reversed phase column and eluted 
using conditions described in Example 4 which consisted of 
an acetonitrile gradient running from 8% acetonitrile to 
25% m twenty minutes followed in ten minutes to 69% 
acetonitrile to yield homogeneous peptide which we have 
called "ruber in. •• Automated Edman degradation of 

carboxyamidometylated peptide give the sequence shown in 
Figure 6. 
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Example 10 
Purification of PAI from Crotalus atrox 
One gram of Crotalus atrox venom (Miami 
Serpentarium Labs, Lot #CX16AZ) was dissolved in 10 ml of 
0.5 M acetic acid and applied to a column of Sephadex G-50 
fine (Pharmacia, 2.5 x 110 cm) equilibrated and run at 
room temperature with 0.5 H acetic acid. The column was 
run at a flow rate of 25 ml/hr with 5 ml fractions col- 
lected into polypropylene tubes. Aliquots of fractions 
were assayed for platelet aggregation inhibitory activity 
as previously described. Active fractions (81-100) were 
pooled and lyophilized. The dried material was dissolved 
in 2.0 ml of 0.5% TFA and loaded onto the preparative C-18 
HPLC column and run as described in Example 3. Fractions 
from the column were collected into polypropylene tubes, 
concentrated on a Speed-vac concentrator and assayed for 
platelet aggregation inhibitory activity as before. Ac- 
tive fractions were rerun on the analytical C-18 column to 
yield homogeneous peptide (Figure 23). Amino acid 
analysis of this material revealed that the peptide 
contains 72 amino acids including 12 cysteine residues, as 
shown in Table 3. The amino acid sequence of the isolated 
peptide, crotatroxin , is shown in Figure 6. 



10 



15 



20 



30 



25 Example 11 

Purification of PAI from Bothrops cotiara 
Six hundred eighty milligrams of Bothrops 
cotiara venom (Miami Serpentarium Labs, Lot #B05S2) was 
dissolved in 10 ml of 0.5 M acetic acid and loaded onto a 
column of Sephadex G-50 fine (Pharmacia, 2.5 x 110 cm) 
equilibrated and eluted with 0.5 M acetic acid. The 
column was run at a flow rate of 25 ml/hr with 5 ml frac- 
tions collected into polypropylene tubes. Aliquots of 
fractions were assayed for platelet aggregation inhibitory 
activity as described previously. Active fractions (71- 
90) were pooled and lyophilized. Dried material was 
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wItersT ° ^ ° f °' 5% TFA Md laded ~to the 

Is e uteT:"' 1 ^ 0 ' 18 T erSS - PhaSe COlUmn " The «l«n 
was eluted using the conditions described in Example 3. 

Fractions were collected into polypropylene tubes! 
concentrated on a Speed-Vac concentrator and assayed for 
Platelet aggregation inhibitory activity. Active frac . 
txon. were individually lyophili ze d. Several peak frac- 
tions were rerun on the analytical C-18 column as 
described in Example 4 . The analytical HPLC profile of 
homogenous peptide is shown in Figure 24. acid 

72 ami 13 h ^ tide to contain 

TableT ^^V 1101 ^ 1 " 9 " CySt6ine as shown in 

Table 3. Complete amino acid sequence of this peptide 

which we have called ■■cotiarin" is shown in Figures 6 and 



The purified peptide was tested in the receotor 

sT^ ln EXamPle l - Initial *eterminatLT 

showed that low concentrations of cotiarin (1-4 nM, 

selectively inhibited vitronectin binding to vironectin 
receptor, whereas the same concentrations had 
significantly lower inhibiting activity in binding of 
fibrinogen to GP lib-Ilia as shown in Figure 25; however 
subsequent experiments failed to verify this result 

Example 12 
Purification of pat 
from Crot alus viririj s lutosns 

, MU . a A ' ° ne gram ° f Crotalus viridis lutosus venom 

T 0 vrr tarimn Labs - Lot #cli8sz > - s " 

SeoLn ; " aC6tiC aCid ^ appUed to a col«n of 

ZT^LT, T (PharmaCia ' 2 ' 5 * "0 cm, which was 
equilibrated and eluted with 0.5 M acetic acid. The 

column was run at a flow rate of 25 ml/hr and 5 ml frac 

txoa. collected into polypropylene tubes. Aliquot of 

a™v S T 6 aSSaySd Plat6let legation inhibitory 
activity. Fractions (71-100, were pooled and lyophilized 
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Dried material was resuspended in 2 O n. i 

soluble material vas remo P J i cen^if uaa°t • W ' ^ 

onto the preparative C-18 Waters ^IT^T ^ 

lZT &t0r ^ analyZGd Plat6let -legation 

inhibitory activity. Active fractions were LonM! ■ „ • 
their individual tubes p m ^-« lyophilized in 

tunes. Fractions with peak art-,-,,**., 

10 rerun on the Waters analytical C-18 coll aCtlVlty Were 
a~-4.„ . . . „ J ^ u A0 column usmo thp 

acetonrtrile gradient described in Example 4 ! 
were collected by hand into 1.5 ml EppendorJ ' t ubeT T 
geneous fraction, were pooled and l^phm^d " ' , , 
HPLC of this material showed a single s™.! Analyt1 " 1 
„ complete ^ acid seguence of thi pe^Tl T ^ 
called -lutosin- is sholm in ^ n£V" Sh " e *"~ 

B. In a similar manner to that set f nr th 
paragraph A# the pais from B. jara™™^ c t 
^ durissus durissus r „ ~ acussu , basilicus . 

v. h elleri " c 1 ~ ~ <± ^ horridus, C. 

— neiieri, durissus totonactus and from ^TZ ~~ 

molossus . were i so i a ^ Z TT — ~ 

, were isolated and purified. Amino ae-M 

compositions for several of these peptides are s k • 
**ble 3. The araino acid seguences oftl pax froT \" 
horridus . C . basilicus r ™ , ° m ^ ±± 
' — - LX - LCUS • C . m. molossus r « ~ 

-signa^dl^^t^llflf^' 
molossm, oreganin, and durissin, respectively are S h 
- Figure 6. Receptor binding data * ^p^iflL 
Peptides of Examples x . 12 are shown in 2 r 6 lfied 

svnthes* ' n K EXan,pleS 13 - 16 b ^o Vf peptides were 
synthesized by solid-phase techniques on an Applied 
Biosystems 431A Peptide Synthesizer using t-Boc a^L 
acids activated as HOBt active esters in \~ ! 
the instructions of the manuf act^ ^T^ as 

*o lows for the preparation of Boc-AAl AA(n"f 

AA(n)- 0 -PAM-polystyrene resin. ••AA(n-l)- 
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One-half nunol of selected Boc-AA(n)-0-PAM- 
polystyrene resin is treated according to the following 
schedule for incorporation of the Boc-AA(n-l)- 0 H: 

1) TFA deprotection: 30% TFA in nrM ? ~- 
5 50% TFA in DCM, 16 min. ■ " ^ 3 

, 2) Washes ^d neutralizations : DCM washes 
(5X) f 3 mxn, 5% DIEA in DCM, 2 min, 5% DIEA in NMP 2 min 
NMP wash (6X), 5 Bin. ' 

in • ™» 3 ] C ° Upling: 4 ^ivalents Boc-AA-HOBt ester 

OM^J PreaCtiVate " rain) ' 38 ^ DMS0 to «*• «% 
DMSO/85% NMP, 16 min, 3.8 equiv DIEA, 5 min. 

4) Wash and resin sample: NMP wash, 3 min 

5) Capping: 10% acetic anhydride, 5% DIEA in 
"MP, 8 mm. 

15 6 ) Washes: DCM washes (6X) 4 min. 

Example 13 

2u r 4i a b4 ti0n ° f Ana1o( ^ *- 
II i £ Ibarbourin f 28-73) « 

20 E-c-A-D-G-r,-r-c-D-o-r-p-p-T J _ K _ K _ r ,. T ; v _ p _ D _ Tr 

A-K-G-D-W-N-n-D-T-C-T-a-n- S -r. D . c .p. R . w . r ,_ r: — n 

m • h »• ° ne " half " ,mo1 ° f p AM-Gly resin (0.6 meq/g, Ap- 
plied B 10S ystems, Foster City, CA) was subjected to 

25 llllT r \t T ^ r6qUired aC±dS (Produced in 

side in • B ° C -P- tect ^ -ino acids had the following 
sxde-chaxn protection: Arg(Tos), A SP (0cHex), Cys(4- 
«£> , GIuCOcHex) Lys (C1 . 2) , Thr(0Bzl) / ^ ^ 

pZ till L ■ FOl i° Win9 aSSembl y of the completed protected 
peptxde-resm chaxn, the amino terminal Boc- group was 

ST^iTa ^ reSln ^ 33 Irm. 

The resxn (1.3 g) was subjected to "low-high- HF 

deprotection protocols followed by removal of HF "in 
vacuo". The dried peptide-resin mixture was transferred 

15 « h f fUnnSl {C ° arSe) With eth ^ ether ^d was 

washed several times with alternate washes of ether and 
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chloroform to remove roost of the organic protecting groups 
and scavengers used in the deprotection . 

The peptide mixture was transferred to 2 L of 
0.4% acetic acid and the pH adjusted to 7.99 with 
5 concentrated NH^OH. The resin was filtered from this 
solution and the solution allowed to sit at 4°C without 
stirring for 20 hr. This was followed by warming the 
solution to room temperature and storing for 3 days again 
without stirring. Precipitated material was removed by 
10 filtration and the supernatant pH adjusted to 3.0 with 
acetic acid and lyophilized. 

The crude material was dissolved in 8.0 ml of 
0.5M acetic acid and loaded onto a Sephadex G-50 fine 
column (2.5 x 100 cm) equilibrated with 0.5M acetic acid 
L5 The column was run at 20 ml/hr and fractions (4 ml) were' 
collected into polypropylene tubes. Aliquots of fractions 
were dried, resuspended in water and tested for platelet 
aggregation inhibitory activity as previously described. 
Active fractions (71-90) were pooled and lyophilized. 

Dried material (66 mg) was redissolved in 2.0 ml 
of 0. Hi acetic acid and loaded onto the Waters Preparative 
C-18 column equilibrated with 8% acetonitrile containing 
0.1% TFA. A gradient running from 8% acetonitrile to 20% 
in 10 minutes followed by a slow gradient to 30% 
> acetonitrile in 40 min was performed. The column was 

eluted at 18 ml/min and fractions (12 sec) were collected 
into polypropylene tubes . Fractions were concentrated on 
a Speed-Vac concentrator to 1.0 ml volume and 10 ul 
alxquots were tested in the platelet aggregation assay. 

Active fractions. (29-32) were individually 
lyophilized and analyzed on the analytical C-18 HPLC 
column with an 8-30% acetonitrile gradient. Fractions 29 
and 30 were pooled and loaded onto the analytical column 
in 1.0 ml of 0.5% TFA. The major peak was collected 
manually and lyophilized to yield 1.6 mg of pure peptide. 
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the iden^r I 1 ° f thiS material c °^ed 

the ^entxty of the peptide. Assay of this material for 

its abxl lt y to inhibit the binding of fibrinogen to GP 

«d"« Ia T Vitr ° neCtin t0 VnR is displayed in Figures 26 
and 27. These data demonstrate the high affinity of this 
analog for GP lib-Ilia and the relative lack of affinity 
for VnR at concentrations up to 1 uM. 



Example 14 

10 Preparation of Analog « f p^ 9 ^risticopMn f ,.c, 

E-E-P-C-A-T-G-P-C-C-R-R-C-K-- F -K-R-A-r., g -v^rr~ 
V-A-K-G-D-W-N-N-n-Y-C-T-G-1C- S -C-D-C-P-R- M -T,^r n 

One-half mmol of PAM-Gly resin (0.6 meq/g, A p- 
Fixed Biosys terns, Foster City, CA) was subjected to 
15 Procedure A with the required amino acids (introduced in 
order) The Boc-protected amino acids had the following 
side-chaxn protection: Arg(Tos), Asp(OcHex), Cys(4- 
MeBzl ) , Glu(O-cHex), Lys(Cl- Z)/ Ser(OB Z l), Thr(OBzl), 

20 tSn C o H f , th andTyr(Br " Z) - Clea ^' and pur fica- 

20 to.cn of thas peptide was identical to the previous 
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Example 15 
Preparati on of Analog *3; 
G-C-G-K-G-D-W-P-C-A-NH 
One-half mmol of pMBHA resi n 2 (0.72 meq/g, Ap- 
plied Biosystems, Foster City, CA) was subjected * Q , 
Procedure A with the required amino acids (introduced in 

slde r ch - The BOC - pr ° teCted -ids had the following 

sxde-chaxn protection: Asp(O-cHex), Cys(4-MeBzl) , and 
LYS(C1- Z) . Following completion of the assembly of the 
Protected peptide-resin, the amino terminal Boc group was 
removed with TFA and the resin dried as its TFA-salt f orm 
The resin (1.54 g) was treated with anhydrous hydrogen 
fluor.de (HP, containing 10% anisole, 2% ethyl methyl 
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sulfide for 30 rain at -10°C f and an a d<ntinn.i , n • 
_o_ ' an aacutional 30 mm at 

C The HF was removed in vacuo and the peptide/resin 
mixture was suspended in diethyl ether followed by 
alternately washing with chloroform and ether 3X . After a 
► fmal ether wash, the peptide was extracted from the resin 
with 2.0M acetic acid, diluted with distilled water and 
lyophilized . 

The crude peptide (370 mg) was dissolved in 
deoxygenated 10 mM NH^Ac, P H 8 f to 0.5 mg/ml and allowed 
to oxidize by dropwise addition of a slight excess of 
0.01M potassium ferricyanide (^FefCN),., solution, stirred 
an additional 20 min, and adjusted to p H 5 with acetic 
add. The peptide solution was treated with DOWEX AG3x4 
amon-exchange resin for 15 min with stirring and the 
resin filtered, diluted. with H 2 0 and lyophilized to yield 
the crude cyclized peptide . The crude cyclized peptide 
(392 mg, was purified by desalting on Sephadex G-25F using 
0.5M acetic acid as eluent, followed by ion-exchange 
chromatography on CM-Sepharose (Pharmacia) using an 
elution gradient generated by addition of 100 mM NH.OAc to 
a solution of 10 mM NH 4 OAc, pH 4.5. Fractions which had a 
minimum purity of 90% by HPLC analysis were pooled and 
lyophilized from H.,0 several time to yield 175 mg. Final 
purification consisted of preparative HPLC purification on 
a Water C-18 reverse-phase column with an acetonitrile/ 
water/TFA gradient to yield purified peptide. Receptor 
binding data for this analog are shown in Figures 26 29 
and 30. 
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Example 16 
Preparation o f Additional Analog 
The following analogs were synthesized; in most cases 
in a manner similar to that set forth in Example 15 
However, analog 60, shown below, was prepared in solution 
35 via guanidation of the side chain of the lysine residue of 
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analog #19 using the procedure of Bajusz, S ., et al FEBS 
Letts (1980) 110,85-87. ' 

One mg of analog #19 was reacted with 1 m g of 1- 
ajnidino-3,5-dimethylpyra Z ole nitrate (Aldrich) in 1 ml of 

^EAr a e t ethan01 ^ Pr6SenCe ° f ^^^-Pylethyla.ine 
(DIEA) at room temperature for 4 days. The product analog 

60 was purified from excess reagent and starting materials 

by reversed-phase HPLC on a C-18 column using a gradient 

of acetonitrile in 0.1% trifluoroacetic acid nL 

hundred ug of this material was isolated in purified form. 

#4 G-C-K-G-D-W-P-C-A-NH_ 
#5 C-G-K-G-D-W-P-C-NH- 
#6 G-C-G-K-G-D-W-C-A-NH- 
15 #7 G-C-K-G-D-W-C-A-NH_ 

Acetyl-C-K-G-D-C-NH- 
Mpr-K-G-D-Pen-NH- 
#10 C-K-G-D-W-P-C-NH_ 
#11 Acetyl-C-R-G-D-Pen-NH, 
#12 C-K-G-D-y-P-C-NH, 
#13 C-K-G-D-F-P-C-NH- 
#19 Mpr-K-G-D-W-P-C-NH- 
#34 C-K-G-D-W-G-C-NH_ 
#35 C-K-G-E-W-P-C-NH- 
25 #36 C-Orn-G-D-W-P-c-NH- 
#37: C-K-A-D-W-P-C-NH_ 
#38: C-K-A T -D-W-P-C-NH 2 
#39: C-K-G-D-W- ( Sar ) -C-NH_ 
#40: C-K ( Formyl ) -G-D-W-P-C-NH 
#41: C-K-G-D-I-P-C-NH_ 2 
#42: C-K-G-D- ( 4-Cl-Phe ) -P-NH. 
#43: C-K- ( Sar ) -D-W-P-C-NH, 
#44: C-K-G-D- (4-N0 2 -Phe)-P-C-NH 
#45: C-K-G-D- ( NMePhe ) -P-C-NH 
35 #46: C-H-G-D-W-P-C-NH- 2 
#47: Acetyl -C-K-G-D- W-P-C-NH 

2 
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#48: Mpr-K-G-D-W ( Forroyl ) -P-C-NH 
#49: Hvl -K-G-D-W-P-C-NH 2 
#50: Mpr-K-G-D-W* -P-Pen-NH 
#51: Mpr-K-G-D-W-P-Pen-NH 
5 #52: Mpr-K-G-D-W-P-Pen'-NH 
#53 : Mpr-K-G-D-W- P f -Pen-NH 2 
#54: Mpr-K-G-D T -W-P-p en -NH 2 
#55: Mpr-K-G-D-W- ( Thz ) -C-NH 
#56 : Mpr-K-G-D-H( 2 , 4-DNP) -P^C-NH 
10 #57: Mpr-K-G-D- ( 2-Nal ) -P-Pen-NH 2 
#58: Mvl-K-G-D-W-p-Pen-NH 2 
#59: Mpr-K-G-D-W- (Pip, -pen-NH. 
#60: Mpr-(Har)-G-D-W-P-c-NH 
#6l:*Mpr-K-G-D-W-P-C t -NH 
15 #62: Mpr- ( D-Lys , -G-D-W-p-Pen-NH 
#63: Mpr-(Har)-G-D-W-P-p en -NH 2 
#64: M P r-(Acetiniidyl-Lys)-G-D-W-P-C-NH 
#65 : Mpr . ( Aceti^idyl-Lys , -G-D-W-P-p en -NH 0 
#66: Mpr-( N « H <> -ethylene-Har, -G-D-w-p-c-nh 

20 # # 6 6 a 71 M Pr " (N ' N - eth y lene -H«)-G-D-W-P-Pe„- NH , 
*68: Mpr-Har-Sar-D-W-p-c-NH 2 

#69 : Mpr- (Acetimidyl-Lys ) -G-D-W-p.pen_.NH 
#70 : Mpr- (Phenylimidyl-Lys , -G-D-W-P- C - NH 2 
#71: Mpr-Har-Sar-D-W-P-PenNH 2 
25 #72: Mpr-(Phenyliinidyl-Ly S ,-|- D . w _p.p enNH 
#73: Mpr-Har-G-D-W-( 3/ 4-dehydro P)- C -NH 2 

Example 17 

30 PAI Activit y pf p^ ^,. 

inhih'*- teStSCl in thS Stand «d aggregation 

xnhxbxtxon assays described above, analogs #3- 5 had IC 

the anaiogs o f tbe invention' in'tj ^say^ 
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Analog 
#3 
#4 

#5 

5 #6 

#7 

#8 

#9 

#10 
10 #11 

#12 
#13 
#19 
#34 
15 #35 

#36 

#37 

#38 

#39 
20 #40 

#41 

#42 

#43 

#44 
25 #45 

#46 

#47 

#48 

#49 
30 #50 

#51 
#52 
#53 
#54 
35 #55 
#56 



Sequence 



G-C-G-K-G-D-W-P-C-A-NH- 
G-C-K-G-D-W-P-C-A-NH- 
C-G-K-G- D-W-P-C -NH_ 
G-C-G-K-G-D-W-C-A-NH- 

G-C-K-G-D-W-C-A-NH 2 

Acetyl-C-K-G-D-C-NH- 

Mpr-K-G-D-Pen-NH, 

C-K-G-D-W-P-C-NH, 

Ace ty 1 -C-R-G-D-Pen-NH- 
C-K-G-D-Y-P-C-NH 2 

C-K-G-D-F-P-C-NH- 
Mpr-K-G-D-W-P-C-NH- 
C-K-G-D-W-G-C-NH 2 
C-K-G-E-W-P-C-NH- 

C-Orn-G-D-W-P-C-NH 2 
C-K-A-D-W-P-C-NH- 
C-K-A f -D-W-P-C-NH 2 
C-K-G-D-W- ( Sar ) -C-NH 2 
C-K ( Formyl ) -G-D-W-P-C-NH 
C-K-G-D-I-P-c-NH 2 2 

C-K-G-D- ( 4-Cl-Phe ) -P-NH 2 
C-K- (Sar) -D-W-P-C-NHL 
C-K-G-D- ( 4 -N0 2 -Phe ) -P-C-NH 2 
C-K-G-D- ( NMePhe ) -P-C-NH 
C-H-G-D-W-P-C-NH 2 
Acetyl -C-K-G-D-W-P-C-NH 2 
Mpr-K-G-D-W ( Formyl ) -P-C-NH 
Mvl-K-G-D-W-P-C-NH. 
Mpr-K-G-D-W 1 " -P-Pen-NH 2 
Mpr-K-G-D-W-P-p en -NH 2 

Mpr-K-G-D-W-P-Pen 1 " -NH 2 
Mpr-K-G-D-W-P f -Pen-NH 2 
Mpr-K-G-D r -W-P-Pen-NH- 
Mpr-K-G-D-W- ( Thz ) -C-NH 2 
Mpr-K-G-D-H (2,4 -DNP ) -P-C-NH 

2 



Appr. IC. Q ^1 
5 
5 
5 

>200 

100 

200 

25 

5 

5 

12 
20 
1 

100 
>300 

150-200 
100 

>200 
5 

>200 

100 

20 

50 

75 

>200 
. 200 
2.5 
1 

1.5 

>200 
0.75 
5 

>200 
>100 

2 

5 
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#57 



#59 
#60 
#61 
#62 
#63 



#68 
10 #69 
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Mpr-K-G-D- { 2 -Nal ) -p-Pen-NH. x 

#58 Mvl-K-G-D-W-P-Pen-NH- \ 

Mpr-K-G-D-W-(Pip)-Pen-NH 2 j_ 
Mpr-(Har)-G-D-W-P-C-NH- 0.15 

Mpr-K-G-D-W-P-C r -NH 2 15 

Mpr-K T -G-D-W-P-Pen-NH 2 2 . 5 

Mpr-(Har)-G-D-W-P-Pen-NH 2 0 .10 

#64 Mpr-(Acetimidyl-Lys)-G-D-W-P-c-NH 0.25 

Mpr-Har-Sar-D-W-P-C-NH 2 3 . 0 

Mpr- ( Acetimidyl-Lys ) -G-D-W-P-Pen-NH 0 . 5 

#70 Mpr-(Phenylimidyl-Lys)-G-D-W-P-C-NH 0.5 

#71: Mpr-Har-Sar-D-W-P-PenNH 2 2.5 

#72 : Mpr- ( Phenylimidyl-Lys ) -G-D-W-P-PenNH- 0 . 5 



Example 18 

Activity of Linear versus Cyclic Peptides 

When tested for inhibition of fibrinogen binding 
to GP lib-Ilia in the plate assay, linear RGDW-NH was 
very similar in activity to cyclic GCGRGDWPC A- NH 2 (Figure 
29). m contrast, the linear KGDW-NH 2 was much less 
potent than cyclic GCGKGDWPCA-NH 2 (Figure 29). For the 
KGDW compounds, but not the RGDW compounds, cyclization 
resulted in a marked increase in the ability of the 
peptide to inhibit the binding of fibrinogen to GP Ilb- 



Illa. 



35 



Example 19 
Results of Plate Binding 
Assays for Synthetic Peptides 
The peptides synthesized in Example 17, in 
addition to being assessed for the ability to inhibit 
platelet aggregation directly, were also tested in the 
plate assays of the invention as described above. The 
results for analogs 4-8 are shown in Figure 30. As 
indicated in the figure, these analogs are differentially 
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capable, to varying degrees, of inhibiting the binding of 
fibrinogen to GP llb-IIIa as compared to vitronectin to 
vitronectin receptor. Analog #4 appears, among this 
group, to have the highest differential." Analogs #7 and 
- #5, on the other hand, are also quite specific, and have 
excellent platelet aggregation inhibition activities. 

Example 20 

Effects of Purified Peptides on Cell aHho^ 

M21 melanoma cells were labelled with 35 s- 
methionine, and then added to vitronectin-coated plates in 
the presence of the indicated concentrations of purified 
snake venom peptides . Cell attachment was measured by 
solubilizing the cells remaining after an incubation and 
wash, as described in Section C, on page 40. As shown in 
Figure 31, neither barbourin nor Peptide 1 (truncated 
barbourin) had a significant effect on cell adhesion to 
vitronectin, although both are potent inhibitors of 
platelet aggregation as shown in Examples 2 and 3 m 
contrast, cotiarin, which is a potent inhibitor of 
vitronectin binding to the vitronectin receptor, was very 
potent in inhibiting cell attachment to vitronectin, m 
similar experiment, Peptide #3, Peptide #3 with K replaced 
by R (GCGRGDWPCA-NH 2 , and RGDS were examined on M21 cell 
attachment to vitronectin. As shown in Figure 32, RGDS 
and GCGRGDWPCA-NH2 are potent inhibitors of cell attach- 
ment whereas GCGKGDWPCA-NH 2 was ineffective up to 60 uM. 

Example 21 
Compariso n of Analogs 60 and 19 
Analogs 60 and 19 described above are peptides 
of the invention containing the sequence K*GDX and are 
identical except for the embodiment of K*. Analog 60 is 
of the formula: 
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Mpr- ( Har) -G-D-W-P-c-NH_ ; 
analog 19 is of the formula: 



Mpr-K-G-D-W-P-C-NH- . 



10 



15 



20 



25 



30 



35 



These analogs were tested by standard platelet 
aggregation inhibition assays and using the cell adhesion 
assay of Example 20 above. The results are shown in 
Figures 33 and 34. As shown in Figure 33, analog #60 is 
efficient at vanishingly small concentrations in 
inhibiting platelet aggregation, and is relatively less 
effective in preventing cell adhesion to vitronectin. 
Figure 34 shows analog #19 has good platelet aggregation 
inhibition activity as well as specificity; however, it is 
less active in the platelet aggregation inhibition assay 
than its analog #60 counterpart. Analog #60 has an IC 
in platelet aggregation of approximately 0.15 nM; analog 
#19 has an IC 5Q of approximately 1 nM. 

Example 22 

Folt's Model of Thrombosis in Dog Coronary Art.p' 

£i Initiation of cycli c fl ow reductions { CFRs) 

in open chest doo. An occluder placed on the left 
anterior descending (LAD) coronary artery of a 20 kg dog, 
as previously described was performed. The phasic and 
mean blood flows as measured by an elecromagnetic (EM) 
flow probe, and Doppler flow probe are shown in Figure 35. 

— E£fect °f Cyclic GC GKGDWPCA-NH 2 (Analog §3) 

on the CFRs in the o pen chest dog . A dose of 10 mg of 
this peptide was infused into a peripheral vein in the 
dog. shown in Figure 36 are the blood flow patterns in 
the LAD, as described above. Note the partial ablation of 
the CFRs, as seen in the decreased slope of the flow 
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reductions . Note also that flow is not reduced to the 
same degree as in the control (A) . 

A second infusion of 40 ntg of Analog #3 was 
5 given into a peripheral vein. As shown in Figure 37 the 
complete ablation of the CFRs indicates that full flow has 
been restored in the LAD. 

Example 23 

10 Const ™ cti °" of Expression Victors for *~K o urin Pen „ Hoe 

A gene encoding the full length [L 41 ] barbourin 
peptide (1-73) was assembled from synthetic 
oligonucleotides as shown in Figure 38, which were 

15 wTT*' anneal6d and 1L W* int ° EcoRI-Hindlll digested 
M 13m P 18 using standard procedures. The bacterial alkaline 
Phosphatase gene (phoA) signal sequence . (Watson, M.E.E., 
Nucleic Acids Research (1984) 12:5145) was added to the 
barbourin construct by ligating synthetic oligonucleotides 
into the EcoRI/Ncol sites of the [L ] barbourin (1-73) 
construct as shown in Figure 39. The nucleotide sequences 
of all constructs were verified by the Sanger dideoxy 
chain termination method. 

A truncated version of this peptide was also 
constructed from synthetic oligonucleotides which would 
encode only amino acids 28-73 of the full length molecule. 

Two alterations, Q 8 to E 2 8 and A 64 tn r 64 , 

„„,• . , A to c we re introduced 

using site directed mutagenesis as described by Kunkel et 

was addedTTn 1 (198?) ~ ^ ^ Ph ° A S± ^ al se *— 
was added to the truncated version as described above 

(Figure 40). In addition, the signal sequence for the 
C011 h6at - st ^le enterotoxin II (Picken, R.w., e t al 

infect immun (1983) 42:269) was added to the truncated " 
version using synthetic oligonucleotides with EcoRl and 
Ncol compatible ends. All bacterial secretion constructs 
were subcloned into the bacterial expression vector pPROK- 
1 (Brosius, J., Gene (1984) 27:151, ibid:16l), abailable 
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commercially from CLONTECH Lab, inc. using EcoRI and 
Hindlll restriction endonucleases . 

A gene encoding tandem repeats of the desired 
title peptide was prepared using the polymerase chain re- 
5 action (PCR) to produce the multimerization unit from the 
full-length barbourin peptide 1-73 containing L41 and C64. 

Figure 41 shows the oligonucleotides used for 
the PCR synthesis. The PCR reaction was conducted accord- 
ing to the method of Saiki, R.K., et al. Science (1988) 
10 239:487. The resulting polymer junction contains 

methionines at either end of the sequence as shown in 
Figure 42 and provides desirable restriction sites for the 
construct . 

The tandem repeats are formed from the 
individual mul timer- forming components by, for example, 
ligating an EcoRI /BamHI fragment to a Bglil/Hindlll frag- 
ment in an M13mpl8 vector cut with EcoRI /Hindi I I to form a 
diroer. The resultant dimer is excised with EcoRI and 
BamHI and religated to a Bglil/Hindlll fragment to produce 
a trimer, and so on until the desired size is obtained. 
This construction is diagramed in Figure 43. 

The multimer was then ligated into the E. coli 
vector pKK233-2, Amann, E., et al., Gene (1985) 40:183, 
available from Clontech, by digesting the vector with 
Ncol/Hindlll and ligating a monomer subfragment of Ncol/ 
BamHI and multimer subfragments of Bglil/Hindlll . 

For expression as a fusion protein, the above 
digested vector was used along with an Ncol-EcoRl 
subfragment containing a slightly modified amino- terminal 
portion (amino acids 1 to 72) of the chloramphenicol 
acetyl transferase gene (Chang, C.N., et al. Gene (1987) 
55:189) and EcoRI-HindHI subfragments of the multimer 
constructions . 
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Example 24 
Express ion of Recombinant Genes 
Protein expression from all of the recombinant 
plasmids described above is induced according to Kanamari 
5 et al. Gene (1988) 66:295 after transection into ap- 
propriate E . coli host strains . Products are character- 
ized by sodium dodecyl sulfate polyacryl amide gel 
electrophoresis and by their ability to inhibit ADP- 
induced platelet aggregation in platelet-rich plasma. 
10 Following purification, the multimeric proteins are 

converted to monomer units with cyanogen bromide cleavage 
and the products assayed as above. 
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CLAIMS 

1. A method to determine the presence or 
absence of platelet aggregation inhibitor (PAI) activity 
5 in a biological fluid, which method comprises: 

contacting a sample of said fluid with purified 
platelet GP lib-Ilia in the presence of a solution of 
fibrinogen (Fg) or von Willebrand Factor (vWF) under 
conditions wherein Fg or vWF binds to said GP I lb- Ilia 
10 and 

detecting the decrease or lack of decrease in 
the binding of Fg or vWF to GP lib-Ilia in comparison to 
the binding of Fg or vWF to GP lib-Ilia in a control which 
does not contain biological fluid. 

15 

2. The method of claim 1 which further includes 
at least one assay selected from the group consisting of: 

determining the inability or ability of said 
fluid to inhibit binding of vitronectin to vitronectin 
20 receptor; 

determining the inability or ability of said 
fluid to inhibit the binding of fibronectin to fibronectin 
receptor; 

determining the inability or ability of said 
25 fluid to inhibit the binding of fibronectin to GP lib-ilia 
receptor; and 

determining the inability or ability of said 
fluid to inhibit the binding of von Willebrand Factor to 
the vitronectin receptor. 

30 

3. A purified platelet aggregation inhibitor 
(PAI) obtainable from snake venom characterized by the 
specific ability of said PAI to inhibit binding of 
fibrinogen and/or von Willebrand Factor to GP lib-Ilia and 
35 relative inability to inhibit binding of vitronectin to 
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vitronectin receptor or to inhibit binding of fibronectin 
to fibronectin receptor. 

4 • A P"*" ied and isolated PAI or a modified 
5 and/or truncated form thereof which is obtainable from a 
snake venom identified as active by the method of claim 1 
with the proviso that said venom is not Echis carinatus . 
Trxmeresurus gramineus, T. f lavoviridi s _ T. Eleaans t 

10 ff 1 ^^ - BitiS ariet ^ Bothroos atrnv Apkistrodo^ 
10 halvs, Agkistrodon piscivorus . or Aqkistrodo^ 
rhodos toma . " 



15 



20 



25 



30 



35 



5. The PAI of claim 4 wherein said snake venom 
is selected from the group consisting of Echis colorata 
Eristicophis macmahonii; A^ hypnale , A^ acutus "a ' 
piscivorous leucostoma, A, P i SC jv 0rus conanti : 'flothrops 
Mper; Bothrops cotiara, B, jararaca , iar^racussu , B . 
tosbergi, ^ medusa, b, nasuta, neuwiedi . B . pradoI T 
B. schlegli; Crotalus atrox, ^ basilicus . c, clras^eT " 
£ersstes, C, durissus durissus, C, durissus totonatacus . 

horridus horridus, molossus molpssus, C. ruber 
ruber, C, viridis cereberus, Crotalus v, helle^TSptalus 

lutpsus, Crotalus v. oreganus , Crotalus v_, viridi s 

; aChe5iS S^urus catenatus tersemi^usTl^r"' 

Sistrurus milarus barbouri . 

6 • The PAI of claim 5 wherein the snake venom 
is selected from the group consisting of Existicpphis 
S§cmahonii (eristicophin) ; Bothroos cotiara fcotilr-^ . B 
jararacussu ; Crotalus atrox (cotratroxin) ; Crotalus ' ~ 
basilicus (basilicin); C, cerastes , cerastes (cerastin) • C 
durxssus totonatacus ; C, h, horridus (horridin); Crotalus" 

molossus (molossin); c^ v^. helleri : c_. ruber rube^ 

(ruberin); Crotalus viridis lutosus (lutosin) • C~~v~~ 
Ziridis (viridin,; C, v, oreganus (oreganin) ; ' ^ dutissus 
durissus (durissin); Lachesis mutas (laches in ) ; Sistrurus 
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10 



15 



catenates terqeminus (tergemin); and milarus barbou ri 
( barbourin ) . 

7. The PAI of claim 4 which has been isolated 
and purified from snake venom by a process which comprises 
the steps of: 

applying said venom to a sizing column to obtain 
a solution containing components of molecular weight 
<10kd, followed by 

subjecting said fraction to reverse phase HPLC 
and obtaining a multiplicity of fractions, and 

recovering those fractions which inhibit the 
binding of fibrinogen to GP Ilb-iiia. 

8. The PAI of claim 7 wherein the <l0kd frac- 
tion is obtained by subjecting the venom to column 
chromatography using a sizing gel and eluting a multiplic- 
ity of fractions, and 

on . isolating the fractions which inhibit fibrinogen 

m binding to GP Ilb-IIIa. 

9 . A method to purify PAI from snake venom, 
which method comprises 

2< - applying said venom to a sizing column to obtain 

a solution containing components of molecular weight 
<10kd, followed by 

subjecting said fraction to reverse phase HPLC 
and obtaining a multiplicity of fractions , and 

recovering those fractions which inhibit the 
binding of fibrinogen to GP Ilb-IIIa. 

10. The method of claim 9 wherein the <10kd 
fraction is obtained by subjecting the venom to column 
chromatography using a sizing gel and eluting a multiplie- 
rs ity of fractions, and 
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isolating the fractions which inhibit fibrinogen 
binding to GP I lb- I I la. 

11. A pharmaceutical composition which 
5 comprises an amount of the PAI of claim 3 effective to 
prevent thrombus formation, in admixture with a 
pharmaceutical ly acceptable excipient. 

12 • A method to inhibit thrombus formation in 
10 animal subjects which method comprises administering to a 
subject in need of such treatment an effective amount of 
the PAI of claim 3 or a pharmaceutical composition 
thereof . 

15 13. A method for treating a patient suspected 

of having a platelet-associated ischemic syndrome compris- 
ing administering to the patient a therapeutically effec- 
tive dose of the PAI of claim 3. 

. 14. A method for preventing platelet loss dur- 

ing extracorporeal circulation of the blood which 
comprises contacting the PAI of claim 3 with the blood as 
it is withdrawn from a subject. 

15. A pharmaceutical composition which 
comprises an amount of the PAI of claim 4 effective to 
prevent thrombus formation, in admixture with a 
pharmaceutically acceptable excipient. 

0 16. A method to inhibit thrombus formation in 

animal subjects which method comprises administering to a 
subject in need of such treatment an effective amount of 
the PAI of claim 4 or a pharmaceutical composition 
thereof . 
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17. A method for treating a patient suspected 
of having a platelet-associated ischemic syndrome compris- 
ing administering to the patient a therapeutically effec- 
tive dose of the PAI of claim 4. 

5 

18. A method for preventing platelet loss dur- 
ing extracorporeal circulation of the blood which 
comprises contacting the PAI of claim 4 with the blood as 
it is withdrawn from a subject. 

10 

19 . A DNA in isolated and purified form which 
encodes the PAI of claim 4. 

20 ' A recombinant expression system capable 
when transformed into compatible host, of expressing the 
DNA of claim 19. 



20 



21. A recombinant host transformed with the 
expression system of claim 20. 

22 . A method to produce PAI which method 

comprises : 

culturing the host of claim 21 under conditions 
effective to express the PAI -encoding DNA to produce PAI • 
and recovering the PAI from the culture 

23. A platelet aggregation inhibitor in 
purified and isolated form which PAI can be isolated from 
snake venom and which contains, as the inhibitory 
sequence, the amino acid sequence Lys-Gly-Asp (KGD) . 

24. The platelet aggregation inhibitor of 
claim 23 comprising the following amino acid sequence: 



30 
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1 10 

Glu-Ala-Gly-Glu-Glu-Cys-Asp-Cys-Gly-Ser-Pro-Glu-Asn-Pro- 

2 0 

Cys -Cys -Asp-Ala- Ala-Thr-Cys -Lys -Leu-Ar g-Pro-Gly-Ala-Gln- 

40 

^ Cys-Ala-Asp-Gly-Leu-Cys-Cys-Asp-Gln-Cys-Arg-Phe-Met-Lys- 
Lys-Gly-Thr-Val-Cys-Arg-Val-Ala-Lys-Gly-Asp-Trp-Asn-Asp- 

Asp-Thr-Cys-Thr-Gly-Gln-Ser-Ala-Asp-Cys-Pro-Arg-Asn-Gly- 
Leu-Tyr-Gly 

10 or a modified and/or truncated form thereof. 

25. A composition of matter which consists 
essentially of a specific platelet aggregation inhibitor 
(PAI) capable of inhibiting binding of Fg or vWF to GP 
lib-Ilia with substantially more potency than of 
inhibiting binding of vitronectin to vitronectin receptor 
or fibronectin to fibronectin receptor, which PAI 
comprises the amino acid sequence K*(Sar/G)D wherein K* is 
a lysyl residue of the formula 



15 



20 



35 



R 2 N(CH 2 ) 4 CHNHCO- 



wherein each R 1 is independently H, alkyl(l-6C) 
or at most one R' is R -C=NR 3 , 

25 wherein R 2 is H, alkyl(l-6C) or is a substituted 

or unsubstituted phenyl or benzyl residue, or is NR 4 in 
which each R is independently H or alkyl(l-6C), and 2 
2 R is H, alkyl(l-6C), phenyl or benzyl, or 

R -C=NR is a radical selected from the group consisting 
30 of: 

N^N N^N N^N N^N 
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where m is an integer of 2-3 , and each R 5 is 
independently H or alkyl(l-6C); and 

wherein one or two (CH 2 ) may be replaced by 0 or 
5 S provided said O or S is not adjacent to another 
heteroatom; and 

wherein said K (Sar/G)D is contained in a cyclic 
peptide of at least 8 amino acid residues. 

10 26 • ^e PAI of claim 25 which has the primary 

structure of a naturally occurring PAI containing RGD or 
KGD or a truncated and/or modified form thereof, wherein 
the R residue in the sequence RGD occurring in said PAI or 
truncated and/or modified form thereof is replaced by K* , 

15 or wherein the K in the sequence KGD occurring in said PAI 
or truncated and/or modified form thereof is replaced by 
an embodiment of K* which is not K. 



20 



25 



30 



27. The composition of claim 26 wherein said 
naturally occurring PAI is present in snake venom. 

28. The composition of claim 27 wherein said 
PAI is selected from the group consisting of trigramin, 
echistatin, elegantin, albolabrin, lachesin, f lavoviridin, 
eristicophin, tergeminin, rhodastomin, applaggin, halysin, 
bitistatin, ruberin, cerastin, cotiarin, crotatroxin, 
horridin, basilicin, lutosin, molossin, durissin, 
jararacin, cereberin, oreganin, viridin, and barbourin. 



29. A recombinant expression system capable, 
when transformed into a compatible host, of expressing a 
DNA encoding a specific platelet aggregation inhibitor 
(PAI) capable of inhibiting binding of Fg or vWF to GP 
lib-Ilia with substantially more potency than of inhibit- 
35 ing binding of vitronectin to vitronectin receptor or 

fibronectin to fibronectin receptor, which PAI comprises 
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the amino acid sequence KGD contained in a peptide 
sequence of at least 8 amino acid residues. 

. 30. A recombinant host transformed with the 
^ expression system of claim 29. 

» aT u- 31 * A method to produce a GP lib-Ilia specific 
PAI which method comprises: 

10 effect. r ltUrin9 h ° St ° f Claiin 30 Under ^nditions 

effective to express the PAI-encoding DNA to produce PAI- 
and ' 

recovering the PAI from the culture. 

15 „ 32 ' A COm P° sition of matter which consists es- 

sentially of a specific platelet aggregation inhibitor 
(PAI) capable of inhibiting binding of Fg or vWF to GP 

Ina * SUbStantiall y Potency than of inhibit- 

ing binding of vitronectin to vitronectin receptor or 
20 ' ibr ° neCtin to ^onectin receptor, which PAI has the 



VV^l>nl-**-(G/^^ 
25 wherein K* is a lysyl residue of the formula 

R 2 N(CH 2 ) 4 CHNHCO- , 

30 ,i 6C1 Wh ! rSin *J 15 ind6 P ende -tly H, alkyl 

(1-6C), or at most one R is R 2 -C=NR 3 

wherein R is H, alkvlM-fir\ ^ 

"/ aj.^nx_tj C j or is substitute 

or unsubstituted phenyl or bensyl res idue, or is J" 
which each f is independently H or alJcyl ( l- 6C) , and 2 
35 R 13 H ' a l*yKl-6C), phenyl or benzyl, or 
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R 2 -C=NR 3 is a radical selected from the group 
consisting of: 



10 



15 



20 



N^N 




N^N 

w. 




, and 



(CHR*) 



m 



IS 



25 



30 



35 



where m is an integer of 2-3, and each R : 
independently H or alkyl ( 1-6C) ; 

and wherein one or two (CH 2 ) may be replaced by 
O or S provided said O or S is not adjacent to another 
heteroatom; 

AA X is a small, neutral (polar or nonpolar) 
ammo acid and nl is an integer of 0-3; 

AA 2 is a neutral, nonpolar large (aromatic or 
nonaromatic) or a polar aromatic amino acid and n2 is an 
integer of 0-3; 

AA 3 is a proline residue or a modified proline 
residue (as defined below) and n3 is an integer of 0-1; 

AA 4 is a neutral, small amino acid or the N-' 
alkylated form thereof and n4 is an integer of 0-3; 

each of X x and X 2 is independently a residue 
capable of forming a bond between x and X_ to obtain a 
cyclic compound as shown; and 

each of Y x and Y 2 is independently a 
noninterfering substituent or may be absent; 

wherein one or more peptide linkages may option- 
ally be replaced by a linkage selected from the group 
consisting of -CH 2 NH-, -C^S-, CH^-, - C H=CH- (cis and 
trans), -COCH 2 -, -CH(OH)CH 2 - and -CH SO-; 

with the proviso that if n3 is 0; either: 

1) the sum of n2 and n4 must be at least 2; or 
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2) K must be other than Har or K; or 

cvs rci 3, . at ^ eaSt ° f X l ^ X 2 must ' be o^er than 

C 7S (C), penicillamine (Pen), or 2-araino-3 3- 

cyclopentanemethylene-3-mercaptopropionic acid (APmp); or 

4) Y x or Y 2 must comprise at least one amino 
acid residue; or 

5) one or more peptide linkages is replaced by 
said alternate linkage. 

33. The composition of claim 32 wherein Y is 
H, acyl or a peptide residue or derivati 2 ed form thereof 
or is absent and Y 2 is OH, NH 2 or a peptide residue or 
derivatized form thereof or is absent. 

34. The composition of claim 33 wherein Y, is 
NH 2 -A-NH 2 or is absent. 2 

35. The composition of claim 33 wherein Y is 
H, acetyl, G or is absent. 1 

36. The composition of claim 32 wherein x, and 
X 2 are selected from the group consisting of cysteine (C) 
mercaptopropionyl ( M pr) and penicillamine (Pen). 

37. The composition of claim 32 wherein AA- is 
vj and is 0 or 1. 1 

selects f 38 ' ^ C ° rapOSition of c ^ 32 wherein AA, is 
selected from the group consinting of W, F, L, Y, and V. 

39. The composition of claim 38 wherein AA is 

2 



w. 



35 * w 40 ' ^ Com P° sition °f claim 32 wherein K* is 

Har ' acetimidyl-Lys or phenyl imidyl -Lys . 
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41. The composition of claim 40 which is 
selected from the group consisting of 
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PAI 1: 
l-K-G-D-W-N 


E-C-A-D-G-L-C-C-D-Q-C-R 

— D— D— T— > P — T— CZmm n C r* n r* r> 
u u— ± v- J- ""v*— o — L— £}— C— P— R 


PAI 2 : 
-V-A-K-G-D- 


T? T7 1 *D <^ ._ ^ m f» t5 /-» « n — 

Ci — Xi— A— 1 — Va— F— C— C — R— R- 

-W-N-N-D-Y-C-T-G-K-S-C-D-C' 


PAI 3: 


G-C-G-K-G-D-W-P-C-A-NH 2 , 


PAI 4: 


G-C-K-G-D-W-P-C-A-NH 2 


PAI 5: 


C-G-K-G-D-W-P-C-NH 2 


PAI 7: 


C-K»G-D-W-C-A-NH 2 ; 


PAI 9: 


Mpr-K-G-D-Pen-NH 2 


PAI 10: 


C»K-G-D-W-P-C-NH 2 


PAI 12: 


C-K-G-D-Y-P-C-NH 2 


PAI 13: 


C-K-G-D-F-P-C-NH 2 


PAI 14: 


C-K-G-D-L-P-C-NH 2 


PAI 15: 


C-K-G-D-V-P-C-NH 2 


PAI 16: 


C -K-G-D-Y ( OMe ) -P- C -NH 2 


PAI 17: 


C-K-G-D- ( 2-Nal ) -P-C-NH 2 


PAI 18: 


C-K-G-D- ( Cha ) -P-ONH 0 


PAI 19: 


Mpr-K-G-D-W-P-C-NH- 

*•» 


PAI 20: 


Mpr-K-G-D-Y-P-C-NH„ 


PAI 21: 


Mpr-K-G-D-F-P-C-NH- 


PAI 22: 


Mpr-K-G-D-L-P-C-NH 9 


PAI 23: 


Mpr-K-G-D-V-P-C-NH- 


PAI 24: 


Mpr-K-G-D- Y ( OMe ) -P-C-NH- 


PAI 25: 


Mpr-K-G-D- ( 2 -Nal ) -P-C-NH. 


PAI 26: 


Mpr-K-G-D- ( Cha ) -P-C-NH- 


PAI 27: 


cyc lo ( G-K-G-D-W-P ) 
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PAI 28: 


cyclo (A-K-G-D-W-P) 




PAI 29 : 


t 

eye 1 o { A -K-G-D-W-P ) 




PAI 30: 


cyclo (F-K-G-D-W-P) 




PAI 31: 


cyclo ( beta-Ala-K-G-D-W-P ) 




PAI 32: 


cyclo ( gamma -Abu-K-G-D-W-P ) 




PAI 33: 


cyclo ( R-K-G-D-W-P ) 


10 


PAI 34: 
PAI 37: 


C-K-G-D-W-G-C-NH 2 
C-K-A-D-W-P-C-NH 2 




PAT * 


C-K-G-D-W- ( Sar ) -C-NH_ 




t* iv t >t ^ 

PAI 41: 


C-K-G-D- I -P-C-NH_ 


15 


PAI 42: 


C-K-G-D- ( 4-Cl-Phe) -P-NH, 




PAI 43: 


C-K- ( Sar ) -D-W-P-c-NH 2 




PAI 44: 


C-K-G-D- ( 4-N0--Phe ) -P-C-NH 

' 2 




PAI 47: 


Acetyl -C-K-G-D-W-P-C-NH, 


20 


PAI 4 8 : 


Mpr-K-G-D-W ( Formyl ) -P-C-NH 

2 




Tl XT An 

PAI 49: 


Mvl-K-G-D-W-P-C-NH- 




PAI 51: 


Mpr-K-G-D-W-P-Pen-NH, 




i^Al : 


Mpr-K-G-D-W-P-Pen f -NH~ 


25 


T*l XT c J 

PAI 54: 


mm 

Mpr-K-G-D t -W-P-Pen-NH_ 




PAI 55: 


Mpr-K-G-D-W- ( Thz ) -C-NH, 




PAI 56: 


mm 

Mpr-K-G-D-H ( 2 , 4-DNP ) -P-C-NH 

2 


30 


PAI 57 : 


Mpr-K-G-D- ( 2-Nal ) -P-Pen-NH- 


PAT ^ Q • 

* Al JO! 


lUtop* I IP «K «w — . — 

Mvl-K-G-D-W-P-Pen-NH 0 




PAI 59: 


Mpr-K-G-D-W- ( Pip ) -Pen-NH 2 




PAI 60: 


Mpr- (Har ) -G-D-W-P-C-NH, 


35 


PAI 61: 


Mpr-K-G-D-W-P-C* -NH- 




PAI 62: 


Mpr-K f -G-D-W-P-Pen-NH 2 
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PAI 63 
PAI 64 
PAI 65 
PAI 66 
PAI 67 
PAI 68 
PAI 69 
PAI 70 
PAI 71 
PAI 72 
PAI 7 3 
PAI 74 
PAI 75 



Mpr- ( Har ) -G-D-W-P-Pen-NH 2 

Mpr- ( Acetimidyl-Lys ) -G-D-W-P-C-NH 

2 

Mpr- ( Acetimidyl-Lys ) -G-D-W-P-Pen-NH- 
G G ' 

Mpr (N ,N -ethylene-HarJ-G-D-W-P-C-NH^ 
G G ' 

Mpr (N ,N -ethylene-Har)-G-D-W-P-Pen-NH. 

Mpr-Har-Sar-D-W-P-C-NH 9 

Mpr- ( Acetimidyl-Lys ) -G-D-W-P-Pen-NH. 

Mpr- ( Phenyl imidyl-Lys ) -G-D-W-P-C-NH 2 

Mpr-Har-Sar-D-W-P-PenNH 2 

Mpr- ( Phenyl imidyl-Lys ) -G-D-W-P-PenNH, 

Mpr-Har-G-D-W- ( 3 , 4-dehydro-Pro ) -C-NH 2 

Mpr-Har-G-D-Pen-NH 2 



Mpr- ( Phenyl imidyl-Lys ) -G-D-Pen-NH~ 

2 

42, The composition of claim 41 which is 
selected from the group consisting of 



PAI 


3: 


G-C-G-K-G-D-W-P-C-A-NH 2 ; 


PAI 


4: 


G-C-K-G-D-W-P-C-A-NH 2 ; 


PAI 


5: 


C-G-K-G-D-W-P-C-NH 2 ; 


PAI 


9: 


Mpr-K-G-D-Pen-NH 2 ; and 


PAI 


10: 


C-K-G-D-W-P-C-NH 2 


PAI 


12: 


C-K-G^D-Y-P-C-NH 2 


PAI 


13: 


C-K-G-D-F-D-C-NH 2 


PAI 


19: 


Mpr-K-G-D-W-P-C-NH 2 


PAI 


25 


Mpr-K-G-D- ( 2 -Nal ) -p-C-NH. 


PAI 


34 


C-K-G-D-W-G-C-NH_ 


PAI 


39: 


C-K-G-D-W- ( Sar ) -C-NH- 
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PAI 44: 



PAI 42: C-K-G-D-(4-Cl-Phe)-P-NH 
PAI 43: C-K-(Sar)-D-W-P-C-NH 

2 

C-K-G-D-(4-N0_-Phe)-P-C-NH 

^ 2 

PAI 47: Acetyl -C-K-G-D-W-P-C-NH 
PAI 48: Mpr-K-G-D-W ( Formyl ) -P-C-NH_ 
PAI 49: Mvl-K-G-D-W-P-C-NH 

2 

PAI 51: Mpr-K-G-D-W-P-Pen-NH 

2 

PAI 52: Mpr-K-G-D-W-P-Pen 1 " -NH 

Mpr-K-G-D-W- ( Thz ) -C-NH 2 
Mpr-K-G-D-H ( 2 , 4-DNP ) -P-C-NH 
Mpr-K-G-D- ( 2-Nal ) -P-Pen-NH 2 
PAI 58: Mvl-K-G-D-W-P-Pen-NH_ 
PAI 59: 

PAI 60: 



PAI 55: 
PAI 56: 
PAI 57: 



Mpr-K-G-D-W- ( Pip) -Pen-NH- 
Mpr- ( Har ) -G-P-W-P-C-NH 



PAI 61: Mpr-K-G-D- W-P-C^-NH- 
PAI 62: Mpr-K f -G-D-w-P-Pen-NH 

!2 

PAI 63: Mpr-(Har)-G-D-W-P-p en -NH 

2 

PAI 64: Mpr-(Acetimidyl-Lys)-G-D-W-P-C-NH 
PAI 65: Mpr-(Acetimidyl-Lys)-G-D-W-P-p e „_ NH 
PAI 66: Mpr (N G ,N G '-ethylene-Har)-G-D-W-P-C-NH 
PAI 67: M pr (N G ,N G '-ethylene-Har)-G-D-W-P-Pen-NH 
PAI 68: Mpr-Har-Sar-D-W-P-c-NH_ 2 
PAI 69: Mpr-(Acetimidyl-Lys)-G-D-W-P-Pen-NH 
PAI 70: Mpr-(Phenylimidyl-Lys)-G-D-w-P- C -NH 
PAI 71: Mpr-Har-Sar-D-W-P-PenNH 

Mpr- ( Phenyl imidyl-Lys ) -G-D-W-P- Pen NH 
Mpr-Har-G-D-W- ( 3 , 4-dehydro P ) -C-NH- . 



PAI 72: 
PAI 73: 



2 
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43. A pharmaceutical composition which 
comprises an amount of the PAI of claim 25 effective to 
prevent thrombus formation, in admixture with a 
pharmaceutic ally acceptable excipient. 

44. A method to inhibit thrombus formation in 
anxmal subjects which method comprises administering to a 
subject in need of such treatment an effective amount of 
the PAI of claim 25 or a pharmaceutical composition 
thereof . 

45. A method for treating a patient suspected 
of having a platelet-associated ischemic syndrome compris- 
ing administering to the patient a therapeutically 
effective dose of the PAI of claim 25. 

46. A method for preventing platelet loss dur- 
ing extracorporeal circulation of the blood which 
comprises contacting the PAI of claim 25 with the blood as 
it is withdrawn from a subject. 

47. A method to inhibit mestases in a carcinoma 
patient which method comprises administering to said 
patient a therapeutically effective dose of cotiarin or 
Vn/VnR inhibiting fragment thereof. 
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Figure 1 
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Hp ^ Pu. ^<^°" ^ a^fophi, Ma*..*honl Platelet 

Aggregation Inhibitor 




mm 



Figure 3 
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Purtfled Platelet Aggregation Inhibitor From 
Eristicophis Macmahoni Venom 



-if — r 




I 




Figure 5 
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Amino Acid Sequence and Fragmentation of Snake Venom PAIs 

(K)- fragments from cndoproteinase Lys-C digestion 
(D)« fragments from endoproteinase Asp-N digestion 
[Z}« fragment from pyroglutamyl aminopeptidase digestion 



ZRQEEPCATGPCCRRCKFKRAGKVCRVARGDWNNDYCTC^SCDCPRNP 



WNG 



a 

*~~ ] l< >k— >| (K) 

,< ~" ~~ >1< — >l< >k— — >| (D) 



EAGEECOCGSPENPC^AATCKLflPGAQCADGLCCDQCR^KKGTVCRVAKGOVVN 

'< : > 

N-term 

i<_- >l< _ >} 

k_ ■ >l (K) 

k ** k - >' •< >. (D) 

EAGEECDCGSPANPCCDAATCKLRPGAQCAOGLCCOQC^ 
|< _ > 

N-term 



■>ii< >, (k, 



<D) 



EA 



GEECDCGTPENPCCDMTCKLHPGAQCADGLCCDCCRFMKKGTVCRVARGDWNDDTCTGQSADCPF^^^S 

l< — . 

*' N-teim 



"> k - >l 



•< >l< >k — >l< — >| 



Figure 6-1 



(K) 
->l (D) 
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EAGECDCGSUENPCCD^^^ 

NHorm 

; >l (K] 




]< ~ >' >.<K) 

k >l< . >( u ^ ^ 

EAGEECDCGAPENPCCDMTCKLRPCAQCAEGLCCOQCRR^ 
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FIGURE 34 






WO 90/15620 



39/47 



PCT/US90/03417 




-^^v*) 





Figure 35 




WO 90/15620 



40/47 




PCT/US90/034I7 




Figure 36 





WO 90/15620 



41 /47 



PCT/US90/03417 






Figure 37 



WO 90/15620 



PCT/US90/03417 



Barbourin (1 . 73) 



42/47 



MEAGEECDCGSPE 
AAT.TCC^JG.GAA.GCT.GGT.GAA.GAA.TGC.GAC.TGC.GGT.TGTCCG.GAA 

*EeoR1 *Nco 1 

N PCCDAATCKLRPGA 
AAC.CCG.TGT.TGC.GAC.GCAGCGJ\CT.TGCA^CTaCGT.CCG.GGC.GCT 



QCAD GLCCDQCRFLK 
CAGTGC.GCAGAC.GGT.CTGTGC.TGT.GAT.CAG.TGC.CGT.TTC.CTGAAA 



KGTVCRVAKGDWNDD 
AAG.GGT^CT.GTT.TTGC.CGT.GTA.GCTAAAGGC.GAC.TGGA^C.GAC.GAT 



TCTGQSAOCPRNGLY 
ACT.TGCACT.GGT.CAG.TCT.TGT.GAC.TGC.CCaCGTAAC.GGC.CTG.TAC ' 



G 

GGT.TGA.A....Hindlll 



v 



Figure 38 



WO 90/15620 43/4? PCT/US90/03417 



PhoA/M-i,L«i Birbourln {1 . 73) 



Pho A: 



_ MKQ STIALA 

R1 — -AATTC.ATG AAACAA AGC ACTjMT.GCA.CTG.GCA 

LLPLLFTPVTKA 
CTC.TTA.CCG.TTACTG.TTC^CC.CCT.GTGj\CCjUAGCC/ (splice site) 



Barbourin: 

M EAGEECOCGSPENP 
ATG.GAA.GCT.GGT.GAA.GAATGC.GAC.TGC.GGT.TGT.CCaGAAAAC.CCG 

CCDAA.TCKL RP GAQC' 
TGT.TGC.GAC.GCAGCGACT.TGCAAACTG.CGT.CCG.GGC.GCT.CAG.TGC 

ADGLCCDQCRFLKKG" 
GCAGAC.GGT.CTaTGC.TGT.GAT.CAaTGC.CGT.TTC.CTGAAAAAG.GGT 

TVCRVAKGDWNDDT C 
ACT.GTT.TGC.CGT.GTAGCTjAAAGGC.GAC.TGGAAC.GAC.GATACT.TGC 

TGQSADCPRNGLYG 
ACT.GGT.CAaTCT.GCT.GAC.TGC.CCG.CGTAAC.GGC.CTaTAC.GGT 



TGA.A....Hindlll 



Figure 39 



WO 90/15620 44/47 PCT/US90/03417 

PhoA/E*«, L*\ C«* Barbourin (2t .73) 



Pho A: 



MKQSTIALA 
Eco R1 .-...^A.TTC^TG^AA.CAAJ«3C^CTJ\TT.GCA.CTG.GCA 

i-LPLLFTPVTKA 
CTT.TTA.CCG.TTA.CTG.TTC^CC.CCT.GTG^CCJVAA.GCC/ 



truncated Barbourin: 

EC ADGLCCDQCRF 
GAATGC.GCA.GAC.GGT.CTaTOC.TGT.GAT.CAaTGC.CGT.TTC 

LKKGTVCRVA KGDWN 
CTG^AA.AAG.GGT^CT.GTTTGC.CGT.GTA.GCTJ\AA.GGC.GAC.TGG^AC 

DDTCTGQSC DCPRNG- 
GAC.GAT^CTTGC^CT.GGT.CAaTCTTGT.GAC.TGC.CCaCGT-AAC.GGO 

L Y G 
CTGTAC.GGTTGAA...Hind!ll 



Figure 40 



WO 90/15620 



PCT/US90/03417 



45/47 



© 

o 
o 

3 
C 
O 



CO 



CO 

o 

g O 

O 

Urn 

5 © 

< ° 

0 

3 < 

0 

O o 
0 

u 



to 




UJ 



© 

o 
o 

3 

C 

o 

CO 

o 

CO 



c 



E 

CO 
GO 



CO 

o 

O 
Q 



CD 
O 



0 
0 

0 

o 
o 

g 

o 
< 

0 
O 



6 



O Q. 

o 



b 2 



O 
0 

a 
< 

< 

o 



0 
O 

< 

O 

o 



o 
o 

< 

o 

§ 

0 
o 

a 
0 



CO 



c 

"5 
a 

& 
c 

€0 

a 
© 

CO 



o 



T3 

CO 



o 

C 

o 
o 



W ° 90/15620 PCT/US90/Q3417 



46/47 



o 
o 
c 
o 

Or 

o> 

CO 



o 

c 
3 



E 



CM 



0) 

u 



O 




WO 90/15620 



47/47 



PCT/US90/03417 



A. 



RBg N 





Figure 43 





J 

) 



INTERNATIONAL SEARCH REPOR r 

International Application m a * , 

U.S.CL.: 530/30 0, 317, 324, 345; 514/2, il, 12 21^ 436/507 
ii. fields smc Hto — — ' ' * lf 436 /501 

Minimum Documentation Searched 4 

Clarification Sy stem [ ' — — 

" ~ ~ Clarification Symbol! 



U.S. 



530/300, 317, 324, 345, 856 
514/2, 11, 12, 21 
436/501 



Documentation Searched other than Minimum Documentation 
to the Eitent that auch Documents are Included in the Fields Searched » 



III. DOCUMENTS CONSIDERED TO Bt RELEVANT » 



Category • 

7 



Citation o) Doc ument. ■ « with Indication, where app ropriate, ol the r.l«,.n> n........ ., 

me Jnnrna I '''.mica 1 T ' " 



J6u " ai ot Clinical investigation, 
volume 69, issued February 1982 

«; L Di N f C ? man et al " " Con, Plex Formation 

\» It telet Membrane Glycoproteins lib 
and Ilia with Fibrinogen," pages 263-269 
see pages 264-265. 

Proceedings of the National Academy of 
Science USA, Volume 80, issued May 1983 
J.S. Bennett et al, "Inhibition of ' 

pt*^?°? e V inding t0 Simulated Human 
fiateiets by a monoclonal antibodv " 
Pages 2417-2421. see pages 2418-2419. 



Retwvant to Claim No. »« 



1-2 



1-2 



Y, 



telet 



?'n • : W °- 4 ' i3sued A P r il 

1988, D.R. Phillips et al., "The Platte 

Membrane Glycoprotein lib-Ilia complex - 
pages 831-843. see page 842. compXeK ' 

1989*' k^ld 1 !^ 11 et al> 15 November 

1989. See the Abstract and pages 8-9. 



1-2 



Special 



ml cited documents: '» 



3-12,15,16, 
23-44 



coflsidarad to bo of particular ralavanca 
" E " mj2I/dati CUm#0t bUt Dubli » h#d °*» or Uitarnatlonal 

" L " i^TS^.Ti l< . h m * y lft row ooubts on priority claim(a) or 

"t* 0 i,h m « Plication data of anothar 
citation or othar apaciaJ raason (aa spaetfiad) 

^ fc?7L* nl JL ub,l * h,d P ri <> r »° tha Intamational filing data but 
latar than tha priority data claim** 

IV. CERTIFICATION 



^ S^rtlSf l 2 t ? t P"?"***** * tt » r th« intamational filing data 
InwrtlSn prlnclpla or thaory underlying tha 

" X " I?™™™ 1 of Particular relevance; tha claimed Invention 

?nJ22li?if on ^ d#r * d nov#i or cannot ba considered to 
tnvoiva an inventive atap 

" Y * ??f"!^ri °* P« rt, cular relevance; tha elatmad Invention 
cannot ba considered to Involve an Jnvantiva atap whan tha 
document is comblnad with ona or mora othar auch docu- 
S tha art combin * Uon b-ifta obviout to a parson skilled 

documant member of tha asm* patent famHy 



Data of tha Actual Complation of tha IntamatlonaJ Saarch » 

26 September 1 990 

Intamational Searching Authority i 

ISA/US 

Form PCT/ISA/210 (socond shoot) (May 1986) 



Data of MaJJing of this Intamational Saarch Report * 

9JV0VM99Q 

Slgnatura of Authorited Offlcar z^// /7 J T 

R. KEITH BAKER, Ph.o! 



r 



Ctao«y. I aUBfl.^ n " SECOND SI 



y- p 



R*Im<h to Claim No »• 



Proceedings of the National Academy 

198? C T; 9 ^ SA '. volume 87 ' issued April 
1989, M.S. Dennis et al, "Platelet 

?iJ»°S r °5 ein IIb " IIIa Protein Antagonists 
from snake Venoms: Evidence for a Familv 

n f Pla ^!i et legation Inhibitors » Y 
Pages 2471-2475. See the entire 
document. 



3-12, 15,16 
& 23-44 



W0 f A, 89/07609 (Lobl et al . ) 
24 August 1989, See page 8. 

The Journal of Biological Chemistrv 

wiFVSV 0 - 3 Sk iSSU6d 25 DeSber 
1987, M.D. Pierschbacher et al. 

Influence of Stereochemistry 

2f„i^ e Sequence Arg-Gly-Asp-Xaa on 
Binding Specificity in Cell 

Adhesion," pages 17, 294-17, 298 
See the abstract. 

198? nC F' ^ oluoe "8, issued 23 October 
1987, e. Ruoslahti et al., "New 

^ rs ?" tiv ? 3 in Cell Adhesion: RGD 
and Integrins," pages 491-497 
See page 492. 



f 3-12.15,16, 
\& 23-44 

i 
t 
i 

13-12, 15, 16, 
& 23-44 



3-12. 15, 
16, 23-44 




i 
t 



F ° m PCT/1 3*^10 Cxtm iWt) (fctoy , gse, 



* 



» 



t 




V.g OBSERVATIO NS WHERE CERTAIN CLAIMS WERE FPU MP UN8EARCHAR.IT 

TN. im.r„a ti on,. ..arch r.po„ h „ nol bMn establllhwj ,„ _ 

1.Q Claim numb.rt baeaii.. (h.v . .... - 5 W r ,h# fo " ow,n B f»«»cn«i 

"" / "** '° ""*•« — «» ' «• to b. by ,hl. Author*,. „.„,.„: 



3.Q CUmnumbM htr»—itw»rf.n.i,<.,.. ■ i 

son tones* of 

VI QPMERVATIOM5 WHERE UNITY OF INVENTION IS LACK.NO> 



Thl. teur^n., s.. rchlno Aulhority <0|)Bd ^ ^ ^ ^ 

(See attached sheet) 



> 



l D * £ iXr^^oT '~ — um «" « * «" i-^-o^ ,pon C ov„. „ M . reh ^ ^ 

• 1-12, 15, 16 & 23-44 
(Telephone Practice) 

ia z -"-«^rr„? d ^ «... M » P . rt ,. ,.., rietad to 

Remark on Protest 

□ Th. additional ,„rch fees were iccompMitd by applicants protest 

□ No protest accompanied the payment ot additional 



March fan. 



F«m PCT/BA210 <ucpt»nwKai shtei (2) (Rav. 4*90) 



t 



PCT/US90/03417 

Attachment to PCT/ISA/210 , part VI. 

Croup r, claims 1-12 and 15-16, drawn to platelet aggregation 
inhibitors, a purification method, a methoS of 
inhibiting thrombus formation, and a method of 
detection, classified in classes 530, 514 and 436 
subclasses 300, 2 and 501. respectively. 

Group II, claims 13 and 17, drawn to a method of treating 

platelet associated ischemic syndrome, classified 
in class 514, subclass 2. a 

Group in, claims 14 and 18, drawn to a method of preventino 

SSI}?? ° SS d ? ring J Xtr& cor P°«al ci?cuTa?ion 9 
classified m class 514, subclass 2. 

Group IV, claims 19-22, drawn to the DNA coding for the platelet 

aggregation inhibitor, classified in class 536 
subclass 27, for example. 

Group V, claims 23-24, drawn to platelet aggregation inhibitors 
having Lys-Arg-Asp as the inhibitory sequence 
classified in class 530, subclass 324, for example. 

Group VI, claims 25-31, 43 and 44, drawn to modified, naturally 
- occurring platelet aggregation inhibitors, classified 
m class 530, subclasses 300 and 345, for example 

Group VII, claims 32-42, drawn to modified, cyclic platelet 

aggregation inhibitors, classified in class 530, 
subclass 300 and 345, for example. 

Group VII, Claim 45, drawn to a method of treating platelet- 

o? S Sri,m e ?T 1S ^ emi - (5 ?^ d ™ ne "sing the inhibitor 
of Group VI, classified in class 514, subclass 2. 

Group IX, claim 46, drawn to a method of preventing platelet loss 
• during extra corporeal circulation using the inhibitor 
- • of Group VI, classified in class 514, subclass 2 

Group X, claim 47, drawn to a method of inhibiting metastases 
with cotianm, classified in class 514, subclass 12. 



t 



T 



